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Introduction

Les 7 études sont présentées sous forme d'articgeaux publiés (études 4 et 5), acceptés
(études 1, 2 et 3) ou soumis pour publications dssrevues scientifiques (études 6 et 7).
Les études 1 et 2 font I'objet d'un seul artiads; études 3, 4 et 5 ont été rédigées séparément
et les études 6 et 7 sont présentées sous forme skuie de 2 articles. Certaines études ont

également été présentées sous forme d'abstradel@engres (études 1, 2, 4 et 5).

Liste des articles :

Etudes 1 et 2
Dietary fibre in dog's diet : comparisons betweellutose, pectin, guar gum, and between

two incorporation rates of guar gum.

Etude 3
The influence of sugar-beet fibre, guar gum andinnoen nutrient digestibility, water

consumption and plasma metabolites in healthy Bedods.

Etude 4
Influence of a blend of fructo-oligosaccharides andar beet fiber on nutrients digestibility

and plasma metabolites concentrations in healtiagBs.

Etude 5
Influence de l'incorporation des pulpes de betwran de chicorée sur la digestibilité des

nutriments et les concentrations plasmatiques ugqurs métabolites.

Etudes 6 et 7
Influence of dietary fibers in healthy and obesades :
I. Effects on feces and digestibility of the neitris

Il. Effects on plasma metabolites and insulin coti@ions
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ETUDES 1et?2

Dietary fibre in dog's diet : comparisons betweendallulose, pectin,

guar gum, and between two incorporation rates of gar gum

By M. DIEZ, C. VAN EENAEME, J.L. HORNICK, P. BALDWN and L. ISTASSE

J.Anim. Physiol. a. Anim. Nutraccepté (1997)

Introduction

Nowadays, most dogs receive exclusively commeduglfood as their sole diet. A complete
and balanced diet is desirable for dogs at all diteges and must be offered to cover daily
nutritional and energy requirements. Although algtfibores (DF) are not considered as
essential nutrients, they are nevertheless beakfwithe health (LEIBETSEDER 1982) and
are incorporated at a low rate of 1 to 5 % dry eratt most dog foods. They are also used at
higher rate, up to 20 % dry matter as an aid inttb@ment of patients with obesity, diabetes
mellitus, gastrointestinal diseases or hyperlipwiae(BLAXTER et al. 1990; DIMSKI and
BUFFINGTON 1991; NELSON 1992)

In a first study (Expt 1), we determined the efeat the incorporation of 3 purified fibres in
healthy adult Beagle dogs on gastric emptying raydpse absorption, digestibility and
postprandial plasma metabolites. Cellulose (CE&3 wsed as insoluble fibre and, guar gum
(GG) and pectin (PEC) as soluble fibres. In a séciudy (Expt 2), the effects of two levels
of GG were investigated. Pre- and postprandiamémetabolites and nutrients digestibility

were measured.
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Material and methods
Animals and experimental set-up
Experiment 1

For the investigation, 4 young adult Beagle dogsnéles and 2 neutered females) with an
average age of 3 years and an average weight 4fkijlat the beginning of the experiment
were used in a 4 X 4 Latin square design. A ttarsperiod of 1 week was used to adapt to
new diets, each period of the Latin square lastedohe month. The dogs were kept
separately in an outdoor kennel the first 3 wedksne period of the Latin square, and then,
placed in individual metabolism cages in a roomirduthe last week for total collection of
faeces. Room temperature was maintained at 18FQey were offered water ad libitum
during the whole trial. The composition of the twohfibre-free diet (FF1), (g/kg dry matter
basis) was : minced beef meat 389, cooked rice #hde oil 83 and minerals + vitamins 56;
it was offered to provide 550 kJ of metabolizabtergy (ME) per kg™ per day (NRC,
1974) to maintain a constant weight. The basal dias then supplemented with CEL
(Arbocell BE 600/30, Rettenmeier and S6hne, GermdigC (Pectin Rapid Set 150, Mero-
Rousselot-Satia, France) or GG (Viscogum HV 3000&ro-Rousselot-Satia, France). The
final concentration was 34 g of purified fibre gey dry matter. The composition and the
chemical analysis of the meals are presented iheThb The concentrations in the different
nutrients in the fibre-supplemented diets werehslyjgreduced, compared with the control
diets. Cooked rice and minced meat were storedfreezer for the whole experiment. The
ingredients and 200 ml of water were mixed dailyaiblender during 2 min. When ready,
food was offered to the animals after a delay ofib. The dogs were fed once a day at 0900

h and used to consume their whole meal within 1 mi

Experiment 2
Six adult Beagle dogs (2 males and 4 neutered &snalere used in two combined 3 X 3
Latin square designs. The average age was 3 gadrthe mean weight was 10.3 kg. They
were offered a fibre-free control diet (FF2) or @ Gupplemented diet at a rate of 35 g/kg (3.5
% GG) or 70 g /kg dry matter (7 % GG). The composiof the diets are presented in Table

1. The management with the dogs was similar &xpt 1.
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Measurements
Expt 1.Gastric emptying rate was performed by sequerdidibgraphs following a 24 h fast.
Barium sulfate suspension was mixed to the diatrate of 3 ml/kg body weight. All animals
belonged to our lab and thus were familiar withnigeexamined clinically by students. For
that reason, they were not sedated before radmdbgkaminations. Radiographs were taken
at different intervals postprandially (5, 15, 6@01 180, 360, 540, and 720 min) to monitor
the transit in the stomach. The limit of the markas defined on the plate and the area
calculated with a computerised system. Gastrictgmpwas estimated by the changes in the
area over time. Because the cross-sectional avees not always similar, the data were
corrected on the basis of the length of vertebd®D
The xylose test was used to monitor intestinal gdigmn following a 24 h fast. An indwelling
sterile catheter was inserted into a cephalic veGatheters were filled with a heparinised
saline (9 g NaCl/l) solution (120 U/ml) between gding periods. Dogs were handled gently
and did not appear excited during sampling. A Ol&ample was obtained and was
considered as the zero-time. A 10 % xylose salui@s then given by an intragastric tube at
a rate of 0.5 g xylose/kg body weight. Blood whsnt serially collected into lithium-
heparinized tubes after 30, 60, 90, 120, 180, 2@0,and 360 min.
Digestibility measurements were carried out ovelays during the last week of a period of
the Latin square. Dogs were maintained in metabolkkages. Faeces were collected daily
along with samples of the food mixtures. Watenkes were also noted. Metabolic and
hormonal profiles were determined during the last of the week, after the ultime collection
of faeces. Blood was taken before feeding and #ezrally over a 6 h period at sampling
times 20, 40, 60, 90, 120, 180, 240 and 360 nter &eding. The technique described for
xylose test was used.
Expt 2 Digestibility measurements, metabolic and horahgaofiles were determined as in

Expt 1.

Chemical analysis
Plasma xylose concentrations were determined byakalyzer colorimetry using the ferric
chloride-orcinol technique (ROBERTS and NORMAN 1R79Dry matter, ash and ether
extract in feed and faeces were analysed by stdndathods (AOAC 1975). Total dietary
fibore was determined in food by a kit (Sigma, TD#O)L according method published by
AOAC (1990). Kjeldahl nitrogen was estimated blpck digestion and automatic
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colorimetry using the Berthelot reaction (VAN EENKE et al. 1969). Glucose in plasma
was analysed by ortho-toluidine (CHARLIER et al.749 urea by diacetyl-monoxime
(HENRY 1974) anda-amino-nitrogen by the trinitrobenzene-sulfonateA(MER and
PETERS 1969) methods using a Technicon AutoanalySaplesterol and triglycerides were
determined by kit procedures (Boerhinger, Germang)asma insulin was estimated by a

heterologeous radioimmunoassay for ovine insulifQINAUX et al. 1981).

Statistical analysis
Analysis of variance was performed for the digel#tybdata according to a 4 X 4 Latin square
design in Expt 1 and two combined 3 X 3 Latin squadesign in Expt 2 (DAGNELIE 1975).
Data concerning gastric areas, xylose concentateord plasma metabolites profiles were
analysed using a dynamic linear model taking irdcoant that the data were autocorrelated
(JONES and BOADI-BOATENG 1991; LAMBERT 1996). Theodel allowed the inclusion
of an autoregression and a random effect. Diflesrwere accepted as significant when p <
0.05.

Results

Experiment 1
The daily average dry matter intake was 182.7 ghddh FF1 diet and was 192.5, 188.6,
189.6 g/dog with CEL, PEC and GG, respectively (9.65). The daily drinking water
consumption was 170 ml/dog in the FF1 diet and kedsiced in a non significant manner
with the fibre supplementation (116, 110, and 134log, respectively).
The gastric emptying rates are given in FigureAfter feeding, the area with marker was
approximately 160 cirwhen the control diet was offered. It decreasedlg with time to 22
cn’ 12 h after feeding. Although no significant difaces were observed, the gastric
emptying rate seemed to be faster during the 3rbtwith the FF1 diet than with the diets
enriched with fibre. Six hours after feeding, gasemptying tended to be the fastest when
PEC was added and the slowest with GG (p < 0.10).
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Fig. 1.- Gastric emptying rates in 4 healthy Beagles offateds containing different fibre
sources

Gastric area (cm2)

0 60 120 180 240 300 360 420 480 540 600 660 720

Time (min)

The changes in the concentration of xylose in tlesmpa are shown in Figure 2. The
concentration at zero-time was considered as & bfalue and was subtracted from the values
obtained after dosage. The concentration of xyleas 3.00 mM/l 30 min after the xylose
solution was given to the dogs; it increased tdb41®M/I 60 min after dosage and then
declined to 0.32 mM/I after 6 h. The pattern wasilar when the diets were supplemented
with GG and PEC. By contrast, xylose concentraitmmeased more slowly when CEL was
added so that 60 min after the meal, the xylose@uaination was lower with CEL than with
FF1 or PEC (p < 0.05). Furthermore, a 30 min delay observed for the peak.
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Fig. 2.- Changes in xylose concentration in 4 healthy Beagifered diets containing

different fibre sources
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On the whole experiment, digestibility coefficiemtsre high (Table 2). The incorporation of
DF reduced the digestibility of the different netrts, the differences being significant with
CEL for dry matter (p < 0.05), with GG for protaand ether extract (p < 0.05) and with PEC
for protein (p < 0.001).

The concentrations in plasma insulin and metal®léee given in Table 3. The average
plasma glucose concentration before feeding wag #hBl/l with no significant differences
between treatments. After the meal, there wersigmficant differences between treatments
although GG tended to induce lower glycaemia (p.X00 Insulin concentration was on
average 12.1 mU/l in non fed dogs, with no sigatficdifferences between treatments. The
inclusion of PEC resulted in higher postprandidlga and reached the concentration of 50
mU/l (p < 0.05). Plasma-amino-nitrogen and urea concentrations were sinmlanon fed
animals but the inclusion of GG in the diet indudeder postprandial concentrations (p <

0.05 and p <0.01, respectively).
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Dietary fibres did not modify plasma triglyceridencentrations measured either in non fed or
fed dogs. By contrast, when compared with FF1Jugion of GG induced lower

concentrations of plasma cholesterol in non feftdranimals (p <0.05).

Experiment 2
The concentrations of the nutrients in the fibrppdamented diets were slightly reduced as
compared with the FF2 diets. The daily averagenamjter intake was 172.5 g /dog with the
FF2 diet and 176.2 and 186.9 g/dog with 3.5 % G& &P GG respectively (p > 0.05). The
daily drinking water consumption was 177 mil/doghmhe FF2 diet and was 153 and 221
ml/dog with 3.5 % GG and 7 % GG respectively.
The incorporation of GG reduced the digestibilitytioe different nutrients (Table 2). The
differences were significant for crude protein wilb % GG (p < 0.01) and 7 % GG (p <
0.001). By contrast, ash digestibility was sigrafitly higher (p < 0.05 with 3.5 % and p <
0.001 with 7 % GG respectively).
The changes in plasma insulin and metabolitesigemgn Figure 3. There were no effects of
increased incorporation rates of GG on pre- orgastdial plasma glucose concentrations
(Fig. 3a). Plasma insulin fasting concentratiorg.(Bb) was 12.4 mU/l with FF2 diet; it
gradually increased to reach a high value of 2383 h after feeding.
With 7 % GG, the extent of the postprandial rises waich smaller; the highest concentrations
being less than twice before feeding. The patvath 3.5 % GG was intermediate. Using
Jones's statistical model, a dose-level effectabaserved (p < 0.011 for 3.5 % GGFF2 and
p < 0.005 for 7 % GGv. FF2). The inclusion of GG resulted in reductiaofs the
concentrations in plasnmaamino-nitrogen (Fig. 3c) and urea (Fig. 3 d) imried animals (p
< 0.05). Dose level effects were observed on pastpal plasma concentrations afamino-
nitrogen (p < 0.01 and p < 0.001 for the 3.5 % @b GG diets, respectively, FF2) and
urea (p < 0.001 for 3.5 and 7 % GGFF2). The incorporation of GG did not change to a
large extent the postprandial pattern of plasnglyterides (Fig. 3e) although there was a
trend for lower concentrations with 7 % GG (p <0).1 The pattern of plasma cholesterol
(Fig. 3f) was characterised by high value befoezlfieg at 3.15 mM/l and then a decrease just
after feeding to reach concentrations of approxatgaP.66 mM/l for the FF2 diet. The
inclusion of 7 % GG induced significant reductidrsth in pre- or postprandial cholesterol

concentrations (p <0.01).
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TABLE 3.- Plasma concentrations of metabolites and insulixp(EL).

FF1 CEL GG PEC SED

Glucose, mM/I

Before meal 4.84 4.63 457 4.65 0.20

Area under the curve 1722 1708 1697 1756 29
Insulin, mU/I

Before meal 132 12.7 11.4 11.5 3.7

Area under the curve 7763 9323 8006 11878 1479
a-amino-nitrogen, mg/l

Before meal 502 49.6 49.9 48.0° 3.1

Area under the curve 24558 23473 22037F 23752 1066
Urea, mM/I

Before meal 1.44 1.13 1.17 1.16 0.16

Area under the curve 907 822 753 83¢ 61
Triglycerides, mM/I

Before meal 1.40 1.45 1.47 1.37 0.06

Area under the curve 608 547 557 612 33
Cholesterol, mM/I

Before meal 3.8 3.08 2.87 3.08 0.16

Area under the curve 1131 1086 1047 1097 58

at - values in the same line with similar superdsrire not different (p > 0.05)
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Fig. 3.- Changes in plasma concentration of glucose (aulin (b), a-amino-nitrogen (c),
urea (d), triglycerides (e) and cholesterol (f)@rhealthy dogs offered a control digD) or a
diet supplemented with 3.9 or 7 % () guar gum
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Discussion

If the area of the marker on the radiograph is iclmmed as a measure of the volume in the
stomach, approximately half of the food left thensach within 6 h and one eight was still
present after 12 h. Such a pattern did not fugyea with the most commonly accepted
concept that gastric emptying in dog occurred withifew hours after feeding (BORG et al.
1979; MIYABAYASHI et al. 1984). More recent dal®@RNBJERG 1992) indicated an effect
of the dry matter content of the diet on gastriqpgimg rate so that it is not unusual for
foodstuff still to be present after 12 h. BURNSI&DX (1986), using a barium meal contrast
procedure, reported a total gastric emptying tineenf7 to 15 h in dogs. Although different
authors such as RUSSELL and BASS (1985) with dogs RAINBIRD and LOW (1986)
with pigs reported some significant reduction oa tastric emptying rate with GG, only a
non significant reduction was observed in the preseperiment. It is likely that the small

effect was associated with the quite low incorgoratate of GG.

Xylose test was proposed by HILL et £1970) to investigate, from blood rather than &yin
malabsorption syndrome in the dog. The test wasl s Expt 1 on the assumption that
transport of pentose and hexose will be similaffecied by fibre supplementation. The
pattern of xylose concentration in the dog was Iginto that reported by HILL et al. (1970)
and by STRADLEYet al. (1979). The supplementation with GG and RIEhot change the
pattern of the curve. The difference in the pattg#rxylose curve when CEL was given, could
result from an alteration of the intestinal mucasaobserved in rats (CASSIDY et al. 1982),
in pigs (MOORE et al. 1988) and in dogs (REINHARTaé 1994). When wheat bran or
horse bean hulls were added to the diet of dogERBUT et al. (1986) reported a reduction

in xylose concentration both in the interstitialifl of the small intestine and in the plasma.

The high apparent digestibility coefficients obtdnboth in Expt 1 and 2 with the FF1 and
FF2 diets were associated with the high qualityhef ingredients : cooked or steam-treated
rice and meat. The inclusion of fibre in the dietluced the apparent digestibility of dry
matter by approximately 3 % regardless of the fibfEhe present decrease could also be
accounted to a dilution effect of the fibre and anly to a specific fibre "bulking effect" as
reported by BURROWS et al. (1982). They observed.Za % decrease in dry matter
digestibility for each percent of added celluloS&HEY et al. (1990a, 1990b, 1992) reported
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a set of experiments in which dog's diets were lempented with fibre from different

foodstuffs as beet pulp, tomato pomace, peanushuheat bran or treated wheat straw.
They observed slight reductions in digestibilityeffecients regardless of the type of fibre
source added in the diet. In the 2 experimentsrteg here, apparent digestibility of crude
protein was significantly reduced with PEC and ghencorporation rates of GG although
incorporation rates were quite low. The reductionsdigestibility is the reason why

manufacturers have to increase the concentratibassential nutrients such as protein when

formulating a high-fibre content dog food.

The lack of rapid increase in plasma glucose aadlim shortly after feeding in Expt 1 and to
a lesser extent in Expt 2 was in line with the grattreported in dogs by some authors
(GORYA et al. 1981; NOMURA et all985). By contrast, BLAXTERt al. (1990) reported
reductions in hyperglycaemia for 240 min followiagcanned test meal containing 20 g guar
gum in Beagle dogs. In that study, the concemwinadf guar gum was approximately 12 % in
dry matter, which is higher than the concentratimed in these experiments. Unexpected
increases in plasma glucose and insulin were fautid PEC, whereas CEL and GG did not
show any particular effects in Expt 1. Accordingbythe technical note, sugar was added to
PEC by the manufacturer to allow a standardisedageling reaction. The glucose content
of PEC was 21.9 % in the dry matter, so that onbydLof glucose was added to the diet; it
was very unlikely that such a small amount coulgl@x a large rise in both insulin and
glucose concentrations. One of the most intergginoperty of GG is the insulin-lowering
effect observed at the incorporation rate of 7 %aadry matter basis. This is of interest for
the formulation of specific-purpose dog food, esglgcfor diabetic subjects. Decreases in
plasma concentrations atamino-nitrogen and urea were observed with GGén2 studies.
Amino acids are bound on the digesta in the smadistine, and therefore, the utilisation of
dietary proteins is reduced, as indicated by tdecton of protein digestibility. The decrease
in plasma urea concentration could be associatéd twe delay in the absorption of amino
acids and their catabolism in the liver.

In humans, the effects on lipids metabolism arenkmto be properties of soluble fibres, the
most efficacious being GG (LANDIN et al. 1992). the studies reported here, GG had little
effects on triglycerides but lowered cholesteralaantrations, both in non-fed or fed dogs. A
practical application is suggested for clinical ussome diseases associated with disorders of

lipid metabolism such as obesity or diabetes nusllit
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In conclusion, from the 3 purified fibres testedsxpt 1 -CEL, GG, and PEC-, it seemed that
GG had most effects on plasma metabolites. Theltse®f Expt 2 suggested that an

incorporation rate of 7 % GG on dry matter basisiore appropriate.

Summary
The aim of the present experiments was to invastitiee effects of adding dietary fibre (DF)
in healthy dogs diets. In a first study, 4 younlgllaBeagle dogs were used in a 4 x 4 Latin
square design. They were offered either a cortdret (FF1) based on minced meat and
cooked rice or the same diet supplemented withuloske (CEL), pectin (PEC) or guar gum
(GG) at an incorporation rate of 3.4 % on dry mati@sis. Gastric emptying rate, measured
by sequential radiographs during 12 h after thelrtmaled to be lowered when GG was
added. The intestinal absorption of xylose meabkore fasted animals was not affected by
GG and PEC but was significantly delayed with CpL<(0.05). The incorporation of DF
reduced the digestibility of the different nutrignthe differences being significant with CEL
for dry matter (p < 0.05), with GG for protein aather extract (p < 0.05) and with PEC for
protein (p < 0.001). There were no effects of Dpmementation on plasma glucose, insulin,
a-amino nitrogen, urea and triglycerides concerdrati measured before the meal. PEC
induced higher postprandial insulin concentratipr< (0.05). The postprandial rise of plasma
a-amino nitrogen and urea concentrations were saamfly reduced with GG (p < 0.05 and p
< 0.01, respectively). GG induced lower concertrat of plasma cholesterol both in non-fed
or fed animals (p < 0.05).
In the second study, 6 adult Beagle dogs were ums2dcombined 3 x 3 Latin square design.
They were offered either a control diet (FF2) basedninced meat and steam-treated rice or
a diet supplemented with 3.5 % and 7 % GG on driyanbasis. A dose level lowering-effect
on the different nutrients digestibility and on gt concentrations of insulig-amino-
nitrogen and urea (p < 0.01 or p < 0.001) was al=erved. Inclusion of 7 % GG decreased

pre- and postprandial plasma cholesterol concéoia{p < 0.01).

Zusammenfassung

Ziel der folgenden Experimente war es die Wirkueg dufuhr von Faserstoffen (FS) in einer
Ration fur gesunde Hunde zu untersuchen. In ergen Studie wurden 4 ausgewachsene

Beagle Hunde in cinen 4x4 lateinischen Quadrat MdaEnutzt. Man verabreichte ihnen
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entweder eine Kontrolldiat (FF1) basierend auf Hatkch und gekochtem Reis oder die
gleiche Diat angereichert mit Zellulose (CEL), ReKPEC) oder Guar (GG), in einem Antell
von 3.4 % der Trockenmasse. Die Magenentleerutegsseelche durch aufeinanderfolgende
Rontgenaufnahmen wahrend 12 Stunden gemessen vteindiggrte zur niedriger, wenn GG
hinzugefiigt worden war. Die Xylose Absorption imarBitrakt bei den Tieren mit der
Diatration wurde nicht beeinfit durch GG und PEC, wurde aber signifikant verlangsmit
CEL (p < 0.05). Das Hinzufuigen von DF reduzieree ¥erdaulichkeit der verschiedenen
Né&hrstoffe, wobei die Diferenz signifikant war miEL fur die Trockenmasse (p < 0.05), mit
GG fur EiweB und Atherextrakt (p < 0.05) und mit PEC fir Eiefp < 0.001). Durch
Hinzufiigen von DF ergaben sich keine Verédnderunden Plasmakonzentrationen von
Glukose, Insulin,a-Amino-Nitrogen; Harnstoff und Triglyzerid, im Vdegch zu denen,
welche vor der Mahlzeit gemessen wurden. PEC sacdhte eine hdhere postprandiale
Insulinkonzentrationen (p < 0.05). Der postpraledfanstieg der Plasma-Amino-Nitrogen
und Harnstoffkonzentrationen wurde bedeutend redudurch GG ( p < 0.05 und p < 0.01
jeweils). GG bewirkte eine geringere Konzentratimn Plasma-Cholesterin, sowohl bei
gefltterten als auch bei nicht gefitterten Tierpr<(0.05).

In eine zweiten Untersuchung wurden 6 erwachsenaglBgs in zwei kombinierten
lateinischen Quadrat Modellen benutzt. Sie wuesgweder mit einer Kontrolldiat (FF2) au
Basis von Hackfleisch und gedamptem Reis gefutteteér einer mit 3.5 % und 7 % GG
angereicherten Diat, auf Trockenmassebasis. HnDdisis reduzierender Effekt auf die
Verdaulichkeit der verschiedenen Nahrstoffe aufl@smakonzentrationen von Insulan,
Amino-Nitrogen und Harnstoff (p<0.01 und p < 0.00&yrde ebenfalls beobachtet. Das
Hinzuflgen von 7 % GG reduziertz die pre- und pastgialen

Cholesterinplasmakonzentrationen (p < 0.01).
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ETUDE 3

The influence of sugar-beet fibre, guar gum and inkin on nutrient
digestibility, water consumption and plasma metabales in healthy

Beagle dogs.

M. DIEZ, J.L. HORNICK, P. BALDWIN, C. VAN EENAEMEL. ISTASSE.

Research in Veterinary Science, 19@&&cepté)

SUMMARY

The aim of the present study was to evaluate ittlhedogs the effects of three fibres (sugar-
beet fibre, guar gum and inulin) incorporated inasal diet at 7 per cent of dry matter (DM).
Parameters examined included stool output, wateswaption, nutrient digestibility and

fasting and postprandial plasma metabolites. Adtes increased wet faecal output; an
increase in faecal DM output being observed wittastbeet fibre only. Sugar-beet fibre and
inulin increased daily water consumption. Sugaethiédore and guar gum decreased DM
digestibility. The three fibres diminished orgamatter and crude protein digestibility while
ether extract digestibility was decreased by guan gnd inulin. Guar gum induced lower
postprandial insuling-amino-nitrogen and urea plasma concentrations.ar Gum also

lowered fasting cholesterolaemia. Sugar-beet fdme inulin showed no metabolic effects.
These physiological properties suggest that guan geuld be a suitable ingredient for

dietary therapy of chronic diseases such as digslmegédlitus or hyperlipidaemia in the dog.

ALTHOUGH dietary fibres are not considered as esaknutrients, they are beneficial to
health (Leibetseder 1982, Fahey et al 1990 a, #2)18nd are incorporated at low rates of 1 to
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5 per cent dry matter (DM) in most dog foods. They also used at higher rates of up to 20
per cent DM as an aid in the treatment of chromeakes such as obesity, diabetes mellitus,
gastro-intestinal diseases or hyperlipidaemia (Bla&t al 1990, Dimski and Buffington 1991,
Dimski 1992, Nelson 1992, Graham et al 1994).

Beet fibre, a fibre source commonly incorporateddog diets, is characterised by
complementary viscous and nonviscous structurdoteidrates (Fahey et al 1990a). Guar
gum is largely used as a source of soluble fikiteoalh the insoluble fibre content is close to
30 per cent (Bauer and Maskell, 1996). Guar gum gel-forming galactomannan obtained
from the cluster bearGyanopsis tetragonolobavith potent short and long term effects on
blood glucose and lipids (Jenkins et al 1978). litlngontains fructans with a degree of
polymerisation of 2 to 60. Due to the structurahformation of the osidic bridge31-2),
inulin resists hydrolysis by alimentary enzymesulin has thus most of the characteristics of
dietary fibres and Roberfroid (1993) proposed thée classified as such. The purpose of
this study was to assess the effects of thesergib@es on nutrient digestibility and plasma
metabolites in healthy Beagles. Supplementarnadieibre was added daily to food at an

incorporation rate of 7 per cent DM.

MATERIALS AND METHODS

Experimental animals

Eight Beagle dogs (two intact males and six nedgtéemales), 5-years-old, weighing
11.3 to 13.4 kg were used. All dogs were healthytloe basis of results of physical
examination, complete blood count, serum biocheima&elysis (glucose, insulin, urea,
creatinine, cholesterol, triglycerides concentraticand alkaline phosphatase and alanine
transaminase activities). Dogs were weighed weeKlgey were housed in outdoor kennels
or in individual metabolic cages in a room with urat lighting during digestibility trials.
Room temperature was maintained at 18 (+ 2) °C.e plotocol was approved by the

university committee for care and use of laborasoynals.
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Experimental design
For control diets, no supplementary fibre was dddi the other three regimes, fibre
sources (beet fibre, guar gum or inulin) were adethe basal diet as a supplement at an
incorporation rate of 7 per cent DM. The desigrs Wwao 4X4 Latin squares (Dagnélie 1975).
Each experimental diet was fed during 4 weeks.hp&eiod of the Latin square was followed
by an 1-week washout period in order to avoid rgsidnetabolic effect of the fibre. The total

length of the trial was 20 weeks.

Diet composition and feeding protocol

The basal diet was made of 20.8 per cent DM beeted meat, 69.2 per cent DM
flaked maize, 6.7 per cent DM maize oil and 3.3 pent DM vitamin/mineral mixture
(Radar, Belgium). The fibres used were beet ffowen British Sugar, guar gum -Viscogum
HV 3000A- from Mero-Rousselot-Satia, France, andlim -Raftiline- from Raffinerie
Tirlemontoise, Belgium. Inulin was extracted fr@ichorium Intybugsoots. All ingredients,
fibre sources included, were mixed with 400 ml waied were given to dogs after 5 minutes.
The amount offered was based on the daily maintenaaloric requirements determined by
body weight (550 kJ/day/Rg®> NRC 1974). The dogs were fed once a day at 8MCand

they voluntarily consumed their whole meal withimiutes.

Digestibility trials
Digestibility measurements were carried out ovelays during the last week of each
period. Dogs were housed in metabolism cagesceSasere collected twice daily and were

stored at 4°C. Water intakes were recorded daily.

Plasma samples

Metabolic and hormonal profiles were determinedasted dogs and postprandially
during the last day of the week, after the lastection of faeces. An indwelling sterile
catheter was inserted into a cephalic vein anddilvith a heparinized (120 U/ml) saline
solution to prevent formation of blood clots betwesampling times. Dogs were handled
gently and did not appear excited during samplifgjood was taken before feeding; then
dogs were fed their assigned diets. Serial pastimhblood samples (5 ml) were taken at 20,
40, 60, 90, 120, 180, 240, 300 and 360 minutes tdeeling. The samples were centrifuged
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at 3000 g for 15 minutes and the plasma was stire2D°C until it was analysed for glucose,

insulin, a-amino-nitrogen, urea, triglycerides and cholestero

TABLE 1.- Chemical composition of the diets (g/kg DM).

Control Beet fibre Guar Gum Inulin

Protein 244.5 232.8 239.1 236.1
Ether Extract 143.5 134.2 133.9 133.8
ADF 26.7 43.1 26.3 25.2
TDF 103.0 151.1 160.8 96.0

IDF 92.3 122.7 107.8 86.1

SDF 10.7 284 53.0 9.9
Calcium 6.0 6.3 5.6 5.6
Phosphorus 5.1 4.8 4.8 4.8
Metabolizable Energy, 16741 15654 15616 15608

(KJoule/kg DM)
ADF, Acid Detergent Fibre; TDF, Total Dietary FibiBF, Insoluble Dietary Fibre;
SDF, Soluble Dietary Fibre

Biochemical analysis

Dry matter, acid detergent fibre (ADF), ash arfteetextract in feed and faeces were
analysed by standard methods (Association of @ffiéinalytical Chemists, 1975). Total
dietary fibre (TFD) was determined in food usingita(Sigma, TDF-100). This procedure
was based on the method published by Associatio@ffafial Analytical Chemists (1990).
Kjeldahl nitrogen was estimated by block digestenmd automatic colorimetry using the
Berthelot reaction (Van Eenaeme et al 1969). Qcgaratter content in feed and faeces was
calculated by subtracting ash from DM. Plasma eatrations of glucose was analysed by
ortho-toluidine (Charlier et al 1974), plasma ubgadiacetyl-monoxime ( Henry 1974) and
plasmaa-amino-nitrogen by the trinitrobenzene -sulfond®alfner and Peters 1969) methods
using a Technicon Autoanalyzer. Plasma conceatratdf cholesterol and triglycerides were
determined by kit procedures (from Boerhinger)sulm were measured with an insulin RIA-

100 kit (Medgenix Diagnostics, Biosource Europeurlis, Belgium).



Deuxieme partie Présentation des recherches 179

Statistics
Analysis of variance was performed for the didekty trial data according to two
combined 4X4 Latin squares design (Dagnélie 19Pasma metabolites data were analysed
using a dynamic linear model taking into accouat the data were autocorrelated (Jones and
Boadi-Boateng 1991, Lindsey et al 1994, Lambert)99he model allowed the inclusion of
an autoregression and a random effect. Differemem® accepted as significant whenP <
0.05.

RESULTS

Diet-induced variations in faeces, water consumptad digestibility of nutrients

The concentration of protein, ether extract andarals in the fibre-supplemented
diets was reduced, compared with the control vallieble 1). By contrast, ADF and calcium
concentrations were increased in the diet contginbeet fibre. Total dietary fibre
concentration in the four diets was greater thapeilGcent DM.

Acceptance of diet was good throughout the stullydags ate their entire ration at
each meal. Each group of dogs lost weight; meeighw variations for dogs over the trial
were - 0.075 kg for contrpl 0.175, -0.038 and - 0.025 kg for diets contairbegt fibre, guar
gum and inulin, respectively.

Daily drinking water consumption was 7.0 ml/kg pagight or the control diet and
10.5 (P<0.01), 8.3 (P>0.05) and 9.9 (P<0.05) mlbkdyweight on the diets supplemented
with beet fibre guar gum and inulin respectively. These valuesnssl quite low. It should
be noted that 400 ml water were added daily toirigeedients so that the total water intake
ranged between 41.0 and 44.5 ml/kg bodyweight.

The quantity of wet faeces excreted (g/day) wgsificantly increased by the three
sources of fibre (Table 2). The dry matter contdrfaeces in turn was decreased. The daily
excretion of faecal dry matter was not significariticreased except when beet fibre was
added (P<0.05). Because TDF intake greatly aff@etsfaecal output, wet faecal output also
is expressed per gram of TDF intake. In this caegs fed control and guar gum diets
excreted the least amount of faeces/g of TDF in{8kke and 3.6, respectively) whereas dogs
fed the beet fibre and inulin diets produced theatgst amount of faeces/g of TDF intake (4.0

and 4.8, respectively).
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Apparent DM digestibility was significantly decesal for the diet containing beet
fibre (P<0.01) and guar gum (P<0.05) but was wtaéd for the diet containing inulin (Table
3). Apparent organic matter and protein digestipivere decreased with the three fibre-
supplemented diets (P<0.05 or P<0.01). Appardemtaasl nitrogen-free-extract digestibility
were decreased only with the diet containing bésef(P<0.05). Apparent ether extract
digestibility was decreased with the diet contagnguar gum (P<0.01) and inulin (P<0.05).
Apparent ADF digestibility was 23.3 per cent fontrol diet and was significantly increased
with inulin (P<0.05).

TABLE 2.- Mean (SD) parameters of faeces characteristicy afipplementation with 7 per

cent DM dietary fibres in healthy dogs

Parameter Control Beet fibre Guar Gum Inulin

Faeces characteristics

Wet faeces, g/d 65.6 (7.5 128.4 (27.3f 119.1(39.8Y 96.0(19.3)
Wet faeces,g/g of TD 3.1 (0.4% 4.0 (0.6% 3.6 (0.7§° 4.8 (0.6§
intake

Dry matter, % 34.4 (55}  24.7 (2.9%° 235 (2.3  27.0(2.4%
Dry matter, g/day 22.6(2.8f  31.7(5.4Y 28.0(7.1¢ 25.9(5.1f

abCyvalues with non-identical letters differ signifiaéy within one line (P<0.05)

Diet-induced variations of plasma metabolites
The concentrations of plasma metabolites werewdh reference range (Kaneko
1980). Changes in glucose concentrations wereactarsed by hyperglycaemia 20 (control,
inulin) or 40 minutes (guar gum, beet fibre) attex meal and followed by a slow decline (Fig
1). Glucose fasting concentration was 4.32 mmwith control diet. A higher fasting
glucose concentration at 4.88 mmol/l was observeld guar gum inclusion (P<0.05). In
contrast, during the whole postprandial curve, ttmee fibres did not induce changes in

glucose concentrations.

TABLE 3.- Mean (SD) apparent digestibility coefficients aepplementation with 7 per
cent dietary fibre in healthy dogs.

Parameter Control Beet fibre Guar Gum Inulin
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Digestibility

Dry matter, % 88.8 (1.6)
Organic matter, % 91.1 (0%8)
Ash, % 45.9 (8.7)
Crude protein, % 90.9 (12)
Ether Extract, % 95.9 (1.38)
Nitrogen-free extractp 92.3 (0.8j
Acid detergent fibre, % 23.3 (8%)

85.3 (0.9Y° 86.6 (1.6)°
87.7 (0.7 88.8 (1.6
39.2 (11.5)  44.7 (14.0f
88.2 (1.6} 85.6 (3.3)
95.8 (0.7 91.0 (2.7)
89.9 (1.0Y 91.8 (1.6)
18.2 (8.2 28.2 (9.5%"

abCyv/alues with non-identical letters differ signifiaéy within one line (P<0.05)

FIG 1.- Mean glucose plasma concentrations (n=8) obtaineer @ 6-h period in Beagles

fed a meal containing no added fibre or 7 per d@ht beet fibre, guar gum or inulin.
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Mean insulin concentration was 55 pmol/l beforediag for all dogs, withno
significant differences between treatments (Fig @pncentrations increased to high values of
150 and 220 pmol/l after feeding and remained ix&Bt high on beet fibre and inulin
supplemented diets. Plasma insulin concentratiothe control diet was intermediate while

guar gum induced lower peak values and remainedi@wrthe 6 hours period (P<0.0001

FIG 2.- Mean plasma insulin concentrations (n=8) obtaineéroa 6-h period in Beagles fed
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a meal containing no added fibre or 7 per cent Daétifibre, guar gum or inulin.
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37.9 (19.%)
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Fasting concentrations of plasmaamino-nitrogen did not change among treatments
(Fig 3). Plasman-amino-nitrogen concentration rose rapidly afteediag and remained
elevated over the sampling period. The inclusibrgwar gum reduced the postprandial
concentration (P=0.012). Changes in plasma waaentrations were similar to thosecof
amino-nitrogen (Fig 4). Fasted concentrationsla$ma urea were similar among treatments
but concentrations after guar gum were lower ah @aeasurement (P=0.0004).

Cholesterol concentration before feeding was 3ngoffi on the control diet and was
significantly lower on guar gum, at 2.6 mmol/l (P80002) (Fig 5). Beet fibre, guar gum and
inulin had no effect on postprandial cholesteroincamtrations. Fasting triglyceride
concentration was 0.49 mmol/l for the control dietd was not significantly changed by
inclusion of fibres (Fig 6) nor were there any d#igant effects of the dietary fibres on
postprandial concentrations of triglycerides.

FIG 3.- Mean plasmar-amino-nitrogen concentrations (n=8) obtained oae6-h period in
Beagles fed a meal containing no added fibre que¥ cent DM beet fibre, guar gum or

inulin.
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FIG 4.- Mean plasma urea concentrations (n=8) obtained @@-h period in healthy
Beagles fed a single meal containing either no dddee in the diet or 7 per cent DM beet

fibre, guar gum or inulin
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FIG 5.- Mean plasma cholesterol concentrations (n=8) oledinver a 6-h period in

Beagles fed a meal containing no added fibre oer7gent DM beet fibre, guar gum or inulin.
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FIG 6.- Mean plasma concentrations (n=8) of triglycerisdstained over a 6-h period in

Beagles fed a meal containing no added fibre oer7gent DM beet fibre, guar gum or inulin
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DISCUSSION

The TDF concentrations in the four diets were hagjlvalues close to or over 10 per

cent DM. One contributor to the high fibre valugsgtained is the animal protein component
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of the diet. Meat contains protein-polysaccharidéshe connective tissue; these fibrous
materials can escape from digestion by the enzywhése digestive tract (Banta et al 1979)
but are measured by the assays used to analyse HdHing dietary fibre had a dilution
effect on energy density but such an effect wasooimportance since all dogs received their
amount of feed based on individual energy requirdme

The amount of wet faeces excreted daily increaséid the addition of fibre to the
diet. Such an effect is called "bulking effect" fifres, a property used for treatment of
constipation. The faecal bulking effects appeabéomost strongly associated with fibre
sources which are insoluble, poorly fermentable anth good water-binding capacity.
Although all sources produce some increases inl st@oght, the increases with highly
fermentable soluble forms are usually small (Scatihd 990). In this study, guar gum and
inulin, the most soluble fibres induced smaller@ases in fresh faecal weight than beet fibre
characterised by a higher content of insolubleefibAn increased excretion of fresh faeces
has been reported in the dog either associatedwattlous purified fibres such as cellulose
(Burrows et al 1982), pectins (Lewis et al 1994aize fibre (Egron et al 1996) or foodstuffs
high in fibre such beet pulp (Fahey et al 1990a1992, Sunvold et al 1995). When wet
faeces excretion was expressed per gram of TDkeanthe greatest excretion surprisingly
occurs on inulin. This was partly due to the wéteding capacity of inulin associated with a
lack in TDF content for this fibre.

The normal range of faecal DM content in dogsestetween 28 and 42 per cent
(Griess and Enjalbert 1982). Fermentable fibresedese the DM content of faeces (de Haan
et al 1990, Fahey et al 1990a, b, Sunvold et ab)l99dding beet pulp in a dog's diet (13.7
per cent TDF/DM), Fahey et al (1990a) reported Divitent of 20.3 per cent as opposed to
38.2 per cent for a control diet. Our results iaréne with the findings reported by others,
that a significant decrease of faeces DM conteimtdsgced by the three sources of fibre. More
interesting is the comparison of the total DM ek&de The inclusion of guar gum or inulin in
the diet did not change the amount of DM excretedamnpared to control diet. So, increased
fresh faeces weight was really an increase in wadetent of faeces. By contrast, with beet
fibre as a supplement, increased water excreticiagnes can't explain the increase in wet
faeces weight alone although water-holding capaditpeet fibre is very high (Fahey et al
1990a). There should, therefore, be other mecimanisvolved such as a greater amount of

microbial cells and short chain fatty acids proadu¢®unvold et al 1995) or a reduction in the
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nutrients digestibility. Furthermore, it should heted that the 100 % increase in wet faeces
excretion with beet fibre is considered more asadVvantage by most owners.

Although it is generally admitted that dietaryréb increase the excretion of water in
faeces, measurement of drinking water consumptias mever been reported with diets
containing supplemental fibres in dog. It is tiere of interest to know if the effects are
associated with just only redistribution of watexceetion or with changes in water
consumption. In the present study, daily waterscomption was increased by 50 per cent on
beet fibre, by 18 per cent on guar gum and by 3%cpset on inulin. These data imply that
both mechanisms are involved : redistribution afretied water towards faeces and increased
water consumption.

The high apparent digestibility coefficients obtd in the study were associated with
the high quality of the ingredients : flaked magzel fresh beef meat. The inclusion of dietary
fibres in the diet reduced the apparent DM digdgtilof 2.2 and 3.5 per cent for guar gum
and beet fibre, respectively. The decrease coelddzounted for by a dilution effect of the
fibre, particularly for beet fibore and not to a ecifie "bulking effect”. The apparent
digestibility of crude protein was significantlydéced by the three fibres; the reduction was
the greatest with guar gum inclusion (-5.3 %). sTéfifect was due to a higher crude protein
content of faeces. Although no microbial measurgmeere made in the present study, the
high faecal protein content would indicate a micablproliferation with fermentable fibres
(Sunvold et al 1995). From Table 3, there wereucédns in the apparent digestibility
coefficients of the other chemical components efdtet. The effects were variable according
to the fibre and the component. Beet fibre was dahfy fibre which reduced apparent
digestibility coefficients of all nutrients. Thuss a result of the reduction in nutrient
digestibility when fibres are included, it is nesay to increase the concentration of different
nutrients. These principles are applied in dietnfaation of low-fat high-fibre diets for pets
(Hand et al 1989).

Fasting plasma glucose concentration is norma#lintained within a narrow range in
dog regardless of the type of diet offered (Feldraad Nelson 1987). Adding dietary fibre
did not affect fasting glucose and insulin concatidn in this study nor in other published
experiments in which cellulose, pectins or guar guene incorporated at rates of 3.5 per cent
DM (Istasse et al 1990) or with a blend of guar qumd pea fibre at 15 per cent DM (Graham
et al 1994). In contrast, postprandial glucoseceatrations can be modified to some extent

by inclusion of soluble fibres in the diet. Theddiibn of guar gum (15 to 20 per cent DM) in
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one single meal to 6 dogs abolished postprandipétgyycaemia in four cases and reduced
the extent of hyperglycaemia in the remaining tworeals (Blaxter et al 1990, Papasouliotis
et al 1993). Similar effects, but to a lesser eixteere observed with wheat bran by the same
authors. In contrast, a mixture of guar gum aralfere did not modify postprandial glucose
concentrations measured during 6 hours in dogsK&llast al 1994). In our study, guar gum
was the only fibre to induce a significagcrease in plasma insulin. Postprandial decreases
in plasma insulin were also reported with dietsarad with a mixture of pea fibre and guar
gum (Maskell et al 1994) and diets with a high eontof crude fibre (unknown fibre source)
(Nguyen et al 1994).

Decreased glucose and/or insulin concentratiois gaar gum have been shown in
healthy humans (Jenkins et al 1977, Wolever et9aP ] Landin et al 1992, Fairchild et al
1996) and in diabetic subjects (Anderson et al 1@84tti et al 1984). The effects of guar
gum on insulin metabolism could also be exploitedobese or diabetic dogs to improve
glucose tolerance There are no published report of the systemic effeicbeet fibre in the
dog. Beet fibre can improve glucose tolerance am fCherbut et al 1994) but the effects are
less pronounced than with guar gum. There is fecebf beet fibre on insulin secretion
according to Morgan et al (1988) and Frape et J01@35). In our study, beet fibre induced
no effect on plasma metabolites at an inclusioa o7 per cent DM.

The inclusion of guar gum in the diet also redupedtprandial concentrations of
amino-nitrogen and urea as previously describetstagse et al (1990) and Delaunois et al
(1990). Amino acids are bound on the digesta énstiall intestine (Howard et al 1986) and
therefore, binding of amino acids may contributethe decrease in protein utilisation
observed when fibre is added to the diet witheasilt, a reduction of protein digestibility and
lower plasma ofx-amino-nitrogen concentrations. Plasma urea wascezl by addition of
guar gum. Such effect could be associated withddiayed absorption of amino-acids and
their catabolism in the liver.

In this study, guar gum induced lower fasted anaostgrandial cholesterol
concentrations in plasma. In Blaxter's et al st{id®90), no postprandial reductions in serum
cholesterol and triglycerides were seen in the afbgr a single dose of guar gum or wheat
bran. The authors postulated that guar gum mhbyestiuce blood lipids in the dog after long
term administration. In our study, beet fibre haal effect. In humans, beet fibre was
effective in reducing blood cholesterol in heal{Morgan et al 1988, Tredger et al 19%it

hyperlipidaemic subjects (Frape and Jones 199&).afldition of beet fibre also increased net
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cholesterol excretion in human subjects with aostemy (Langkilde et al 1993). According
to Tredger et al (1991), the effectiveness of bilete to lower plasma cholesterol
concentration is related to the fat intake of thbjacts. In the present study, fat intake was
quite low due to the use of low-fat meat and sraalbunt of vegetable oil. The cholesterol
lowering effect of guar gum is well established@althy subjects (Morgan et al 1988, Landin
et al 1992), in obese (Ktrotkiewski 1984) and irpdrnyipidaemic patients (Gatti et al 1984).
In contrast, the effect of guar gum on plasmaycegtides is much debated in humans (Landin
et al 1992, Morgan et al 1993). So, in humanspohgulaemic effects are a property of
soluble fibres, the most efficient being pectind goar gum.

From the present trial it could be concluded that main effects of supplementation
with beet fibre, inulin and guar gum were increasesvet faecal output and reductions in
apparent digestibility coefficients. Since guar gumuced metabolic effects on carbohydrate
and lipid metabolisms after four weeks administratithis could be considered as an aid in
dietetic treatments of chronic diseases such asrhgplaemia or diabetes mellitus. This is of
further interest because fasting hyperlipidaemieucxin 14.3 per cent of the dog population
(Barrie et al 1992, 1993) arlabetes mellitus is frequently associated witloiiers of lipid

metabolism (Feldman and Nelson 1987).
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ETUDE 4

Influence of a blend of fructo-oligosaccharides andugar beet fiber on
nutrients digestibility and plasma metabolites conentrations in

healthy Beagles

Marianne Diez, DVM; Jean-Luc Hornick, DVM; Paulel®ain; Louis Istasse, DVM, PhD

Am. J. Vet. Res1997;58:1238-1242

Objective—To evaluate effects of a blend of fructo-oligoswrides and sugar beet fiber
(4:1) at 3 incorporation rates on nutrients didelsty and on plasma glucose, insulia;
amino-nitrogen, urea, cholesterol and triglyceridescentrations measured weekly in non-fed

dogs and during a 360-minute period after a meal.

Animals—S8 castrated 1- to 1.4 -year-old young adult maade weighing 10.0 to 13.5 kg.

Procedures—Diets containing 2 incorporation rates of a blefdfructo-oligosaccharides
and sugar beet fiber (5 and 10 % on dry mattersjasets B and C, respectivg)ywere
compared with a control diet without additionalefi{diet A). The 3 diets were evaluated for
ability to modify digestibility of dry and organmatter, protein, fat, and ash and for effects on
plasma glucose, insulim-amino-nitrogen, urea, cholesterol and triglycesidencentrations.
Each diet was fed for 6 weeks; plasma samples eaected weekly before feeding and after

feeding on the last day of the period. During kkvat the end of the 6-week period, dogs
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were kept in metabolic cages. Each period of tbekbwas followed by a 4-week washout

period.

Results—Incorporating the blend of fructo-oligosaccharidesl sugar beet fiber in the diet
was associated with higher wet feces excretiortddeand C) and lower protein digestibility
(diet C). Postprandial glucose (diet C), ureatéi2 and C) and triglycerides (diets B and C)
concentrations were significantlf°€0.01) decreased. Weekly preprandial measurements
were characterized by decreased urea (diets B andhGlesterol (diet C) and triglycerides
(diets B and C) concentratior?<0.001).

Conclusion—Chronic consumption of fermentable fiber is asatexi with mildly decreased

protein digestibility and with metabolic effectsnonfed or fed dogs.

Clinical Relevance—A blend of fructo-oligosaccharides and sugar Hésdr should be
tested as a dietary aid for treatment of chroniseases, such as diabetes mellitus or

hyperlipidaemia, in dogs.

Introduction

Fructo-oligosaccharides (FOS) are natural polynm@rdructose found in various
vegetables (banana, garlic, barley, onionThese compounds are considered dietary fiber,
according Trowell definitiofy they are resistant to hydrolysis in the smaléstiné and are
highly fermented in the large intestine, with protion of short chain fatty acifls They can
modify microflora in dogsandcats and other species, such as%gtiy<, rabbit$ and human
beings®®® They also can have metabolic effects in'fdts Daily feeding of a 10% (w/w)
oligofructose-containing diet to normolipidemic gatesulted in a decrease in plasma
triglycerides and cholesterol concentratinshe triglyceride-lowering effect was observed
after 1 week. At present, FOS are incorporatesbime commercial or specific-purpose dog
foods to promote intestinal health or as an aithan treatment of small intestinal bacterial
overgrowtH®. Sugar beet fiber is recognized as a fermentfibée that promotes good-
quality stools and is frequently used in commerdiad food*'> The purpose of the study

reported here was to evaluate effects of a blerlel08 and sugar beet fiber on digestibility of
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major nutrients and on plasma metabolites to aspetantial use in pets with chronic

diseases, such as diabetes mellitus or hyperlipadlem

Materials and Methods

Dogs—Eight 1- to 1.4-year-old adult male Beagles weighil0.0 to 13.5 kg, were
obtained for the study All dogs were healthy on the basis of resultplofsical examination,
CBC” and serum biochemical analysis (glucpsesulirf, ured, creatining cholesterdl and
triglyceride€ concentrations and alkaline phosphdtas®l alanine transaminaSestivities).
The dogs had never been used for experiments befisrstudy. All dogs were castrated 2
months before entry in the study. Dogs were weaigiveekly and were housed in outdoor
kennels or, during digestibility trials, in indiwidl metabolic cages in a room with natural
lighting. Room temperature was maintained at Z8& Water was offered ad libitum. The
protocol was approved by the university's commifi@ecare and use of laboratory animals,
and all experiments were carried out accordingelmian regulations for animal research and

experimentation.

Diet composition—The basal diet (diet A) was composed of minced tnfleeef),
flaked maize, maize oil and a vitamin/mineral miefiTable 1). In a preliminary study of 2
dogs, consumption of FOS (Raftilosa} an incorporation rate of 10 % dry matter in diet
was associated with runny feces. To avoid sucbnwenience, FOS was mixed with sugar
beet fibe? in a 4-to-1 ratio. This blend of fermentable filveas incorporated into diets B and
C at proportion of 5 or 10 % on a dry matter bagspectively. The FOS product used in this
study contained 92.6 % FOS, with 3.9 % glucoset@rse and sucrose and 3.5 % water. The
blend of FOS and sugar beet fiber was substitudeahtequal proportion of flaked maize in
each diet. All ingredients were mixed with 400 wadter and were given to dogs 5 minutes

after preparation. Diet A (control) contained miali@ional fiber.
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TABLE 1.- Ingredients and nutrient composition of diets

Diet

A B C
Ingredients, % AF DM AF DM AF DM
Beef protein
(minced raw meat) 3811 145 381 145 38.1 14.5
Flaked maize 56.8 78.1 53.1 73.1 49.4 67.9
Maize oil 2.6 3.8 2.6 3.8 2.6 3.8
Vitamins and minerals 2.5 3.6 2.5 36 52. 36
Sugar beet fiber - - 0.8 1.0 1.5 2.0
Fructo-oligosacharides - - 2.9 4.0 5.9 8.2
Nutrients, g/1000 kcal A B C
Protein 65.3 66.9 68.8
Fat 22.5 231 23.7
Fiber (ADF) 7.7 8.4 9.1
Calcium 2.0 2.0 2.0
Phosphorus 1.3 1.3 1.3
Sodium 0.8 0.8 0.8

AF, as fed; DM, on dry matter basis

Experimental design—A randomized block experiment was chosen to allow
comparisons between diets consumed by the sarm& dbggs were randomly assigned to 1
of the 3 diet groups. To avoid carry over effdm$ween feeding periods, a 4-week washout
period was allowed between each of the 3 feedimgge during which dogs were fed diet A

to avoid residual metabolic effect of the fiber.

Feeding protocol—Each diet was fed for 42 days. Amount fed wasmeihed on the
basis of daily maintenance caloric requirementsfaty weight (132 kcal/day/Rg)'’; water
was always available. Dogs were fed once a d& AW, and voluntarily consumed their

whole meal within 5 minutes.
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Digestibility trials —Digestibility measurements were carried out durihg last 7
days of each period when dogs were housed in metabacages. During the collection
phase, total fecal output was collected twice dailg stored at 4 C. At the end of the week,
feces were dried in an oven at 60 C to reach cohstaight. After complete drying, feces
were ground through a 2 mm screen by use of a nfleeds and feces were analyzed

according to official procedurfs

Plasma samples-Preprandial metabolic and hormonal profiles wesgenined on
day 0, 7, 14, 2128 and 35 in nonfed dogs. Five milliliters of bibevas obtained by
venipuncture from each dog. Postprandial profilese also determined on day 42, the last
day of the feces collection period. An indwellisigrile catheter was inserted in a cephalic
vein. Catheters were filled with heparinized (12fnl) saline solution to prevent formation
of a blood clot between sample collection period®gs were handled gently and did not
appear excited during sample collection. Blood taken before feeding; then dogs were fed
their assigned diet as a single meal. Serial pastial blood samples (5 ml) were taken 20,
40, 60, 90, 120, 180, 240, 300 and 360 minutes tdezling. Plasma samples obtained from
blood were stored at -18 C. All samples were amlythe same day for plasma gluépse

insulin”, ured, a-amino-nitrogef triglycerides’ and cholesterbtoncentrations.

Statistical evaluations—Digestibility data were analyzed, using a softwpezkage
Statgraphics and a desktop computerMean (+ SD) values were calculated for all data.
Two-ways ANOVA was used, with dietary treatmentsl @eriods as variables. If ANOVA
revealed differences in a single digestibility fesditributable to diet consumed, comparisons
between mean results of diet groups were performsidg a multiple range té8ta P value
of < 0.05 was considered significant. Plasma metabdhata were analyzed, using a dynamic
linear model, taking into account that data wermaurrelated®?® Mean (+ SEM) values

were reported for plasma metabolite data.



Deuxieme partie Présentation des recherches 199

Results

Diet-induced variations in body-weight, feces, andligestibility of nutrients—
Acceptance of diet was good throughout the stulligiogis ate their entire ration at each meal.
At initiation of the study, body weight ranged frdra to 13.5 kg. Mean weight gains for dogs
during the 42-day trial periods were 0.41, 0.65 @2 kg for diets A, B and C, respectively.

Quantity of wet feces excreted (g/day) increagsehlly (< 0.00025) with increasing
amount of fermentable fiber in the diet (Table 2pry matter content of feces, in turn,
decreased linearly €20.00001) from 29 % in dogs fed diet A to 22 % ags fed diet C.

TABLE 2.- Characteristics of feces from and digestibilitydo§ and organic matter, protein,
ether extract, and ash in 8 healthy Beagles fetsdientaining different incorporation rates

of a blend of fructo-oligosaccharides and sugartider

Diet
A B C

Feces characteristics

Wet weight, g/day 139 %9 180 + 16F 222 + 20
Dry matter, % 29.0 + 0°8 25.3+0.9 22.0+0.8
Dry matter, g/day 40.3+ 24 450+2.4 48.0+3.0
Digestibility, %

Dry matter 86.5+05 86.0 £ 0.5 84.8+0.7
Organic matter 88.1+ (4 87.5+0.8 86.2 + 0.6
Protein 87.8+0% 86.3+0.5" 83.8+1.0
Ether Extract 92.0+0% 91.4+0.58 89.7+0.8
Ash 47.4+1.7 48.4 +2.8 47.4+3.2

Values with different superscripts differ €/®.05) significantly. Values are

expressed as mean + SD.

Apparent dry and organic matter, fat and ash tigéses were unaffected by
incorporation of the blend of fiber. By contrgstptein digestibility decreased from 87.8 % in
diet A to 83.8 % in diet C @0.004).
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Diet-induced variations of plasma metabolites inamples obtained up to 6 hours
after the meal—All results were within référence rangegTable 3). Postprandial insulia;
amino-nitrogen and cholesterol concentrations weteaffected. By contrast, glucose (Fig 1)
and triglycerides (Fig 2) concentrations were digantly (P< 0.009 and R 0.001,
respectively) reduced by consumption of diet C miyithe 6-hour period. A dose effect was
also observed for plasma urea concentration (P¥10ahd P < 0.001 for diets B and C,

respectively, vs diet A).

Figure 1.- Postprandial plasma glucose concentration (meg®EM) in 8 healthy dogs fed
diets containing different incorporation rates obkend of fructo-oligosaccharides and sugar
beet fiber

—+-DIETA
..m--DIETB
—+—DIETC

Plasma glucose (mg/dl)

Minutes after meal ingestion
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Figure 2.- Postprandial plasma triglycerides concentration éme: SEM) in 8 healthy dogs
fed diets containing different incorporation ratefsa blend of fructo-oligosaccharides and

sugar beet fiber

—+ -DIETA
.m--DIETB

Plasma triglycerides (mg/dl)

Minutes after meal ingestion

Diet-induced variations in plasma metabolites in wekly measurements-
Preprandial glucose, insulinramino-nitrogen concentrations were not affectedags fed
diets B and C (Table 4). A dose effect was obgkfee urea (R 0.002 for diet A vs diet B
and K 0.001 for diet C vs diet A) and triglycerides<(P.008 for diet A vs diet B and<P
0.001 for diet C vs diet A) concentrations. Fegdiliet C to dogs led to a significant<{P
0.009) decrease in cholesterol concentration, comapaith that in dogs fed diet A (Fig 3).
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TABLE 4.- Average weekly plasma concentration in glucosaylims a-amino-nitrogen,
urea, triglycerides and cholesterol in 8 healthgaBle dogs offered diets containing different

incorporation rates of a blend of fructo-oligosaecitles and sugar beet fiber

Time

(week’
Variable 0 1 2 3 4 5 6
Glucose, mg/dl
A 86 +2 88+3 86 + 1. 834 833 83+3 8@ +
B 82+4 892 84+3 89+1 80+3 793 82+
C 832 84 +3 86 +2 85+3 83+3 86+2 83+3
Insulin, mU/I
A 75+06 6.3+10 6.7+x06 7.9+0.7 123+51 7.0+06 65%+1.3
B 80+06 88+18 64+11 100+£2%57.3+0.7 141+44 6.2+19
C 52+0.7 54+27 50+087.0+3.0 80+07 6.0+0.6 6.3+0.6
a-amino-nitrogen, mg/dl
A 56+03 53+0.1 59+02 55+03 5940.55+01 56+04
B 56+£03 55+03 58+02 57+02 6.0%0.56+0.2 56+0.2
C 48+0.2 56+02 56+03 56+0258+02 50+£01 59+0.1
Urea, mg/dl
A® 13.6+0.7 146+0.9 153+0.8 14.2+0.8 14.3+£0.6 15.0+£0.5 15.0+0.5
BP 13.1+0.4 13.7+05 13.9+04 122+0.6 144+0.8 148+09 148+04
(o 152+1.8 12.0+0.9 13.2+0.7 13.4+0.6 125+£0.6 13.9+£0.5 13.6 £0.5
Triglycerides, mg/dl
A® 47+ 3 51+3 50+ 3 55+3 52+4 48 +3 51+2
BP 47+ 3 45+3 44 + 2 48 £ 3 49+ 4 49+3 45+ 3
c 49+4 47+ 3 44 + 4 45+ 4 43 +2 42 +2 42 +2

Variables with different superscripts differ aéth < 0.05 level. Values are expressed as mean
+ SEM.
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Figure 3.- Evolution in plasma cholesterol concentration (mezBEM) in 8 healthy Beagle
dogs fed diets containing different incorporaticates of a blend of fructo-oligosaccharides

and sugar beet fiber

_+ _DIETA
..m--DIETB

180

170

Plasma cholesterol
(mg/dl)
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Discussion

Inclusion of fermentable fiber in the diet inducenh the whole, similar effects on
feces content and apparent nutrient digestibitdythose described in dogs fed other dietary
fibers. Increased feces production has been aedoiith various fibers, such as cellufdse
beet pulp*®® pecting® or maize fiber”. In the study reported here, the main effect was
increase in water content of feces, the increasgrynmatter excretion being insignificant.
Increased water content of feces could be attriid@tato some extent, to beet fiber, a
component with a high water-holding capatityDigestibility of nutrients was high, owing to
the high quality of basal ingredients. Thus, femtable fiber supplementation had no effects
on apparent digestibility of dry matter. Such tssare consistent with reports in literature,
because a systematic decrease in digestibilitynba®een associated with feeding of dietary
fibers in dog&?° . Minimal incorporation rate of dietary fibers &@ps to be necessary to
modify digestibility®; furthermore, effects on digestibility of varioustrients are dependent
on type of fiber us€d. In this study, the only significant effect oktiC was on digestibility

of protein. Similar results in dogs were repoffimdincorporation of 3.5 % guar gdnf°or 7
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% guar gurf® in the diet. Protein digestibility of a high-quglicommercial diet ranges
between 80 and 90 % Protein digestibility coefficients of 87.8 % étliA) and 83.8 % (diet
B) can be considered acceptable. Thus, the préssating effect of fiber did not influence
nitrogen balance, which is known to be affecteddistary factors, such as protein quality,
amino acids composition, protein digestibility aedergy densify?® When protein
digestibility is markedly decreased, protein coht@nthe diet must be increased to ensure an
adequate supply of amino acids.

Although FOS are incorporated at low rates in auasi commercial normal and
specific-purpose diets, to the author's knowledgetabolic effects in dogs have not been
reported. The blend of FOS and sugar beet fibat ha effect on plasma insulin
concentration before or after the meal. Lack &datfof dietary fiber on insulin concentration
in nonfed dogs has been reported for other fibech gs guar gufd . Individual changes in
plasma insulin concentration in nonfed dogs argefir It appeared that glucose is not the
only stimulus of insulin secretion in dogs, becauseat intake also induces insulin
productiori’. In this study, diet C limited the postprandiatriease in glucose concentration
in fed dogs but had no effect on plasma glucoseemmation in nonfed dogs. Lack of effect
of fiber on plasma glucose concentration in heaftbgfed dogs is not surprising because of
the ability of dogs to maintain plasma glucose eoti@tion within a narrow range, regardless
the type of diet consum&d For treatment of diabetic dogs, a diet low itubke sugar, high
in starch, and supplemented with dietary fif&tis recommended to decrease postprandial
hyperglycemia induced by food or to limit the degir glucose concentratidh This diet
enhances action of insulin and reduces derangemantgids metabolism frequently
associated with diabetes melliffid’ In some instances, this sort of diet can al$owal
reduction in daily requirements of diabetics fopg&nous insuliff. Our results suggest that
this blend of FOS should be tested as a dietarinaiithbetic dogs.

Effects of a blend of FOS and sugar beet fibepmotein metabolism and on urea
production in dog are unknown. Plasmaminonitrogen, considered an indicator of the
adequacy of dietary protein, is closely relate¢htividual plasma amino acids profifés In
this study, plasmax-aminonitrogen concentration was not affected; hmwe apparent
digestibility of protein was significantly reduced.Various investigators reported a rapid
increase in plasma urea concentration toward aguliaasting for many hours before return to
baseline concentration when a meal high in protein offered once a d&y'®. Postprandial

plasma urea concentration, however, was reduced whetein intake was low&r In this
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study, postprandial changes in plasma urea coratamtrrecorded during a 6-hour period
were in agreement with the previously describetepat Furthermore, the blend of fiber had
a dose effect on pre- and postprandial plasmaameeentrations.

Lipid metabolism also was modified by supplemeatawvith fermentable fiber. Main
effects were a large reduction in preprandial pkasimolesterol concentration associated with
diet C and a tendency for lower postprandial ctietes concentration. Such effects have
been reported in other species such as rats, aviger inclusion rates of F&'S?*}than those
in the study reported here. Although it was nghgicant, a similar effect was observed for
plasma triglycerides concentration. Decreasedrargfial concentration of cholesterol was
observed in dogs receiving 3.5 % guar §limin this study, the hypolipidemic effect could
not be related to reduction in energy supply, whics similar, because all diets provided
equivalent amounts of energy. Furthermore, appaligestibility of ether extract of diets B
and C was not affected. Other mechanisms couldnbelved. From studies in other
monogastric speci&s it has been suggested that fermentation produdtse large intestine
could affect lipid metabolism in the liver. Supp@or such mechanisms was provided by a
reduction in serum and liver cholesterol, but miglycerides, concentrations in rats fed diets
supplemented with 0.5 % propionate, a metabolidyecd of fiber fermentation. It was
concluded that propionate may mediate part of tiygotholesterolemic effects of some
soluble plant fibefS. It also has been reported that propionate wadymed in large amounts
by in vitro fermentation of FOS from canine fecabéuluni®. Although fermentation
products were not measured during this study, @amespeculate that propionate production
from fermentable fiber in the large intestine coldédye mediated hypocholesterolemic effects.

In conclusion, at incorporation rates of 5 or 10ends of FOS and sugar beet fiber
did not change apparent digestibility of nutriergscept for protein, but induced metabolic
effects. Incorporation of a blend of FOS and sugeet fiber in industrial pet food may,
therefore, be useful as an aid in dietary treatroéohronic diseases, such as diabetes mellitus

and dyslipidemia.

a

Animal Reproduction Department, University of Lee@elgium.

b Cell-Dyn 3500, Abbott Laboratories, Chicago, I

¢ Technicon RA 1000, Technicon Autoanalyzer, Teotmidnstruments, Tarrytown,
N.J.

Insulin RIA-100, manufacturer's literature, MedgelDiagnostics, Biosource

Europe, Fleurus, Belgium.
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ETUDE 5

FIBRES ALIMENTAIRES CHEZ LE CHIEN :

Influence de l'incorporation des pulpes de betteras ou de chicorée sur
la digestibilité des nutriments et les concentratios plasmatiques de

plusieurs métabolites.

M. DIEZ, J.L. HORNICK, C. VAN EENAEME, P. BALDWINL. ISTASSE

Revue Méd. Vét1.997148 12, 991-998

RESUME

Cette étude relate les effets de la distributienddux rations enrichies en pulpes de
betterave ou de chicorée (7 p.100 ADF dans la neatiéche) -en comparaison a une ration
témoin- sur les parametres fécaux, la digestibdiés principaux nutriments et plusieurs
paramétres biochimiques (glucose, insuline, azoighasaminé, urée, cholestérol et
triglycérides) mesurés a jeun ou pendant six heapess le repas chez huit chiens adultes en
bonne santé. Les régimes enrichis en pulpes drdieé une augmentation significative de
I'excrétion fécale totale, de I'excrétion de MSslles matiéres fécales, une diminution de la
teneur en MS des feces ainsi qu'une diminutiorcdefficients de digestibilité des principaux
nutriments. Le régime contenant la pulpe de hlmttera entrainé une diminution de la

glycémie a jeun, de l'insulinémie et des conceommaten triglycérides postprandiales, des
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concentrations en urée et en cholestérol mesuvées et apres le repas. Le régime contenant
la pulpe de chicorée a provoqué une diminution ‘desulinémie postprandiale, des
concentrations en urée et en cholestérol a jewapreis le repas. Ces deux types de pulpes,
semblables par leur composition, induisent les nsélypges d'effets sur les parameétres fécaux
et la digestibilité des nutriments, mais les ef@tstémiques sont plus importants lors de la
distribution de pulpes de betterave.

MOTS-CLES : fibres alimentaires - digestibilité -parameétres sanguins - chien.

SUMMARY

Dietary fibre in the dog - Influence of diets contaning sugar beet- or chicory pulps on
nutrients digestibility and on plasma metabolites. By M. DIEZ, J.L. HORNICK, C.
VAN EENAEME, P. BALDWIN and L. ISTASSE.

Two diets containing sugar beet pulp or chicorjpp@ p. 100 ADF on dry matter
basis) were compared with a control diet withouditonal fibre in eight adult healthy dogs.
The three diets were evaluated for their ability nmdify faecal parameters, nutrients
digestibility and blood metabolites (glucose, imsublpha-amino nitrogen, urea, cholesterol
and triglycerids) measured on fasted dogs or pastpally during six hours. Incorporating
sugar beet pulp or chicory pulp in the diet wasaissed with increased wet faeces excretion,
increased excretion of faecal dry matter and lomdrients digestibility. Consumption of
sugar beet pulp containing diet was associated a@titeased fasted glucose, cholesterol and
urea concentrations and with decreased postpraindidin, urea, cholesterol and triglycerids
concentrations. Chicory pulp containing diet ledsignificant decrease of fasted urea and
cholesterol concentrations and with postprandiareised of insulin, urea and cholesterol.
Sugar beet pulp and chicory pulp, similar in conmpas, produced similar effects on faecal

parameters and nutrients digestibility but systesfiiects were more important with beet pulp.

KEY WORDS : dietary fibre - digestibility - blood p arameters - dog.
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Introduction

Le marché des aliments industriels pour les carey domestiques est en constante
progression en Europe. Actuellement, le volumealge de ces aliments permet de nourrir
en moyenne 55 p. cent des chiens européens. béwiotes des fabricants sont de proposer
des aliments complets et équilibrés en nutrimemtssacolts intéressants. La valorisation de
sous-produits industriels comme les farines anisatdes sous-produits végétaux permet la
production annuelle de plusieurs centaines deerslile tonnes d'aliments en Frafic§.

Parmi les nutriments indispensables a la sant@&mienal, les protéines, les minéraux,
les vitamines ou les acides gras ont fait I'obgetndmbreuses publicatiof30,38,39. Les
besoins journaliers sont de mieux en mieux défiffar contre, les fibres alimentaires ne
constituent pas des nutriments indispensables s steict mais il est généralement admis
gu'elles exercent des effets favorables sur lesitramtestinal[11, 14, le bon fonctionnement
du colon[23] et méme sur la tolérance au glucfidk,36,4(. Elles sont incorporées a faible
concentration (1 a 5 p. cent de la matiére sechs) -fhns les aliments physiologiques et a
doses plus élevées (jusqu'a 20 p. cent V& dans les aliments diététiques pour la
prévention de la constipatidBl], le traitement de I'obésif@4], du diabetd21,36,4Q ou de
certaines colopathig82]. Bien que I'on ait souvent opposé les fibresliides représentées
par la cellulose aux fibres solubles représentéegeg gommes ou pectines, plusieurs auteurs
préconisent actuellement I'utilisation de fibrestess, contenant a la fois des fibres solubles et
insolubles[15,17,2]. La pulpe de betterave est une source de fibxéentargement utilisée
dans les aliments industriels en raison de sorlefaib(t et de ses propriétés physico-
chimiques; elle est constituée d'un mélange desdibplubles et insolubles caractérisé par une
bonne capacité de rétention d'¢a6,17. La chicoréeichorium intybu}y est cultivée pour
la production de l'inuline et de ses produits d’blyge comme les fructo-oligosaccharides.
Le traitement de la chicorée en usine laisse umuéappelé ,comme pour la betterave
sucriere, pulpe. La pulpe constitue donc le saosgipt de la culture de chicorée. Cette étude
avait pour but de comparer les effets de ces dgpgstde pulpes qui présentent des
compositions chimiques comparableks]. Les investigations ont porté sur les effets de
l'incorporation de ces deux sources de fibresaison de 7 p. cent dADF (Acid Detergent

Fibre - fibre détergent acide) - dans un régime pletnet équilibré distribué a des chiens
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adultes en bonne santé. Les parametres étudi@ntétas modifications biochimiques

plasmatiques et les modifications fécales.

Matériel et méthodes
A) LES ANIMAUX

Nous disposions de 8 chiens de race Beagle, domdl@s non castrés et 6 femelles
stérilisees, agés de 5 ans, identifies, vermifuff@mziquantel, Embonate de Pyrantel,
Febantel) et vaccinés (maladie de Carré, hépatiteinfluenza, parvovirose, leptospirose et
rage). Tous les chiens étaient en bonne santégaserd'un examen clinique, d'une numération
sanguine et des analyses biochimiques (glucoseilines urée, créatinine, cholestérol,
triglycérides, phosphatases alcalines et alaningaatransférases). Le poids des animaux
variait de 10 a 14,4 kg au début de l'expérientes animaux étaient pesés une fois par
semaine. Les chiens étaient dans un chenil extés@urvu d'un abri, en groupe de 2 ou 3, ou
dans des cages a métabolisme durant les mesudigedtibilité. Les cages a métabolisme
étaient placées dans un local pourvu d'une lunmaterelle. Le protocole expérimental a été
approuvé par le comité d'éthique responsable dies &b de l'utilisation des animaux de

laboratoire.

B) LES ALIMENTS

Les compositions des 3 régimes testés sont péesedans les Tableaux | et Il

TABLEAU I.- Composition des rations

Ingrédients en p. cent de la ration A B C
Viande de boeuf 42,3 36,2 37,5
Mais floconné 50,6 43,4 45,0
Huile de mais 4,2 3,6 3,7
Complexe minéral et vitaminé 2,9 2,5 2,6

Pulpes - 14,3 11,2
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TABLEAU Il .- Composition chimique moyenne des rations
Analyses en p. cent de la MS A B C
Protéines brutes 24,5 22,6 22,9
Matiéres grasses 14,3 11,8 12,3
Calcium 0,6 0,7 0,7
Phosphore 0,5 0,4 0,5
Fibre détergent acide ADF 2,7 7,0 7,3
Fibres alimentaires totales TDF 10,3 23,0 19,9
Fibres insolubles 9,2 19,8 15,8
Fibres solubles 11 3,2 4,0
Densité énergétique, kcal/kg MS * 4GG5 323¢ 3421

* Calculée en attribuant un coefficient de 3.52lkrpour les glucides digestibles et les

protéines et un coefficient de 8.46 kcal/g poutif@ges.

La ration de base (aliment A) était composée @dmde de boeuf hachée, de mais
floconné moulu, d'huile de mais et d'un complexeémal et vitaminé (Radar, Belgique)
spécialement formulé pour le test. Les pulpes éeftave (aliment B) ou de chicorée
(aliment C) étaient ajoutées a la ration de basguantité suffisante pour apporter 7 p. cent de
fibores ADF dans la MS. Toutes les rations conemade la fibore de mais, a prédominance
insoluble. Les compositions en fibres des pulgagedt sensiblement différentes (Tableau
[l). La pulpe de betterave contenait 25,4 p. cBBF et 76,5 p. cent de fibre alimentaire
totale - Total Dietary Fiber (TDF) dont 11,9 p. tde fibres solubles dans la MS tandis que la
pulpe de chicorée contient 34,4 p. cent ADF et 76,6ent TDF dont 21,5 p. cent de fibres
solubles. L'examen de ces compositions permeplierer les différences entre les rations.
D'autre part, la pulpe de chicorée contenant ptuiilles ADF, des quantités moindres ont été
ajoutées pour obtenir 7 p. cent d'ADF dans la NI8s  rations expérimentales étaient
préparées chaque matin en mélangeant les ingrédétnén ajoutant 400 ml d'eau. Les
animaux recevaient en un seul repas une quarkiéede nourriture correspondant a leurs
besoins énergétiques calculés selon la formulek&alkg PM (P.V. k§™) [38]. Les chiens

étaient habitués a consommer la totalité de lqpasen 5 minutes.
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TABLEAU lll.- Composition chimique des pulpes de betterave ehiderée

Analyses en p. cent de la MS Pulpes de Pulpes de
Betterave Chicoree
Protéines brutes 14,8 14,1
Matieres grasses 0,7 0,2
Cendres brutes 6,8 6,6
Calcium 1,2 11
Phosphore 0,1 0,2
Fibre détergent acide ADF 5,4 34,4
Fibres alimentaires totales TDF 75,5 76,1
Fibres insolubles 64,6 54,6
Fibres solubles 11,9 21,5

C) CONDUITE DE L'EXPERIMENTATION

Afin de minimiser les différences individuelles de période, un schéma expérimental
de bloc aléatoire complet a 3 périodes a été cpoisi permettre les comparaisons entre les
régimes consommes par le méme anif8l Les chiens ont été attribués a un des groupes de
facon aléatoire. Une période de transition d'wereane a été instaurée entre chaque période
expérimentale qui durait 4 semaines. Pendant pétiede, les chiens recevaient la ration A.
La durée totale de I'expérience était donc de frfasees. Chaque aliment testé a été distribué
pendant un mois. Au cours de la derniére semainmais, les animaux ont été placés en
cage a métabolisme pour la récolte totale des reatfécales pendant 7 jours successifs. Les
chiens adultes étaient habitués aux cages et quobieme comportemental n'a été observé.
Les chiens recevaient également de l&duibitum A la fin de cette derniére semaine, aprés
la derniere récolte de matieres fécales, un catlééaé inséré dans la veine céphalique chez
les animaux a jeun. Un premier prélevement de 8erdang était réalisé avant la distribution
du repas et ensuite, 20, 40, 60, 90, 120, 180, 2d0 et 360 minutes apres le repas. Les
cathéters étaient remplis avec une solution sdii@earinée (120U/ml) pour prévenir la
formation de caillots entre les préléevements. IEebantillons étaient immédiatement

centrifugés a 3000 tours pendant 15 minutes etdsnma était congelé a -20°C. Tous les
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échantillons ont été analysés en méme temps psuddsages des métabolites suivants :

glucose, insuline, azote alpha-aminé, urée, tégigdes et cholestérol.

D) ANALYSES BIOCHIMIQUES

La MS, les cendres, I'ADF et l'extrait éthéré étdé déterminés par les procédures
standards dans les aliments et dans les matie@ed$fl]. La TDF a été analysée avec un kit
(Sigma TDF-100) selon la méthode publiée par TAORL La détermination de la fibre
insoluble a également été réalisée et la fibrebdela donc été calculée par différence.
L'azote a été déterminé par la méthode de Kjelgahdigestion et colorimétrie automatique
selon la réaction de Berthelet4]. Les concentrations en glucose et en urée oranatysées
sur un analyseur Technicon. L'insuline a été ng&savec un kit insuline RIA 100 (Medgenix
Diagnostics, Biosource Europe, Fleurus, Belgiumg. cholestérol et les triglycérides ont été

analysés avec des kits (Boerhinger).

E) ANALYSE STATISTIQUE

Les données de digestibilité ont été analyséex dweprogramme Statgraphics
(Statgraphics, STSC, SNC, Microsoftware Publisiigision, Rockville, Maryland). Les
moyennes et |'écart-type ont été calculés pourughadgnnée. Une analyse de la variance a 2
criteres a été réalisée en utilisant les traitemahientaires et les périodes comme facteurs.
Lorsque l'analyse de la variance révélait des miffées, les comparaisons entre moyennes
étaient calculées avec le test de Scheffé, uneuvale P<0.05 étant considérée comme
significative. Les données concernant les métasopilasmatiques ont été analysées selon un

modele linéaire dynamique prenant en compte l'autélation des donné¢28,35.
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Résultats

A) CARACTERISTIQUES DES MATIERES FECALES ET DIGESILITE DES
NUTRIMENTS.

Préalablement, il faut souligner que les difféesntations ont été bien acceptées par
les animaux; les chiens mangeaient la totalitéede fation a chaque repas. Les variations
moyennes de poids au cours de l'essai étaient3@egtpour les animaux témoins, de -262 et -
125 g pour les animaux recevant respectivementtémns enrichies en pulpes de betteraves
et de chicorées. Les principales caractéristigigssmatiéres fécales sont présentées dans le
Tableau IV.

TABLEAU IV.- Caractéristiques des matiéres fécales (Moyenneaat-€/pe)

A B C
Excrétion fécale, g/jour 72,8 (14,7 368,0 (100,3) 351,6 (87,4
Teneur en MS, p. cent 34,4 (£4) 15,6 (2,5) 17,3 (3,09
Excrétion fécale, g MS/jour 25,0 (427) 57,4 (11,8 60,8 (16,5)

2| es valeurs portant une lettre différente en eapbdifférent & l'intérieur d'une ligne.

La comparaison de l'excrétion fécale en termepaies frais lors de l'incorporation
des pulpes de betterave ou de chicorée a montr@augraentation significative (P<0,001).
L'utilisation des pulpes a provoqué une diminutiien55 p. cent et de 50 p. cent de la teneur
en MS des matieres fécales (P<0.001), respectiviepoem les aliments B et C. |l en résulte
une augmentation de la quantité de MS excrétéamg¢tlement dans les feces (augmentation
significative de 129 et 143 p. cent, respectivenpenir les rations B et C). Enfin, il n'existe
aucune différence significative entre les 2 typegdlpes quant a leurs effets sur les matieres
fécales.

Les coefficients de digestibilité apparente deddon témoin étaient relativement
élevés en raison de la bonne qualité des ingrédietiisés dans la ration de base. La

digestibilité apparente de la MS, de la matiereanigue, des protéines brutes, des matiéres
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grasses et des cendres a diminué lors de l'incipordes pulpes de betterave ou de chicorée
(P<0.01 ou P<0.001) (Tableau V).

TABLEAU V.- Coefficients de digestibilité apparente des priacip nutriments (Moyenne et
ecart-type)

Digestibilité apparente, en p. cent A B C
Matiére séche 88,1 (1®) 77,3 (4,0 74,3 (5,7)
Matiére organique 90,6 (14) 80,7 (3,6} 77,8 (4,8)
Protéines brutes 90,7 (1) 79,6 (5,0 76,7 (7,13
Matiéres grasses 95,7 (38) 93,6 (2,2) 93,3 (1,7
Cendres 41,9 (15,3 24,2 (13,6 25,0 (10,8)

ab| es valeurs portant une lettre différente en eapbdifférent a I'intérieur d'une ligne.

B) MODIFICATIONS BIOCHIMIQUES DANS LE PLASMA SANGUN

Les concentrations plasmatiques des différentalmoéites mesurés a jeun se situaient
dans la limite de la normalif@9]. Le profil glycémique (Figure 1) était caractérgar un pic
20 minutes apres le repas pour les traitements @ et 40 minutes apres le repas pour le
traitement B. La glycémie a jeun était signifigatnent plus faible pour le traitement B par
rapport au témoin (P<0.05). Par contre, il n'exispas de différence significative dans
I'évolution postprandiale des profils glycémiques.
L'insulinémie moyenne (Figure 2) a jeun était dgo&®l/l, pour les 3 traitements. L'examen
de I'évolution postprandiale de la concentratiorinsaline a révélé des différences entre les
traitements. L'incorporation des 2 types de pulpasaduit une insulinémie postprandiale
significativement plus faible sur I'ensemble d@daiode d'observation (P<0.01). L'ingestion
de rations enrichies en pulpes n'a pas induit ffiéreince dans les concentrations plasmatiques

en azote alpha-aminé mesurées a jeun et aprgsie (feigure 3).
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Fig. 1.- Evolution de la concentration plasmatique en glecos
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Fig. 3.-Evolution de la concentration plasmatique en azhpha-aminé.
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L'examen des concentrations plasmatiques en ueéardges a jeun ou apres le repas a
révélé des différences significatives entre laoratiémoin et les rations enrichies en pulpes
(Figure 4). La concentration postprandiale en aré¢e la plus faible lors de l'ingestion de la
ration B (P<0.001) et intermédiaire avec la ratib(P<0.01).

La cholestérolémie a jeun a été significativent@éminuée lors de l'ingestion des repas
B et C (Figure 5). La cholestérolémie postpramdaEté réduite également lors de l'ingestion
des 2 types de pulpes (P<0.01).

La concentration en triglycérides a jeun n'a pasnéodifiee lors de l'ingestion des
régimes B et C par rapport au régime A (Figure Bar contre, la concentration plasmatique
en triglycérides a été modifiée apres le repaslipgestion de pulpe de betterave (P<0.05)

alors que les pulpes de chicorée n'ont pas ewet'eff
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Fig. 4.- Evolution de la concentration plasmatique en urée
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Fig. 5.- Evolution de la concentration plasmatique en chiéles.
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Fig. 6.- Evolution de la concentration plasmatique en troglyides
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Discussion

L'incorporation de fibres alimentaires dans lamants pour chien est actuellement
une pratique courante aussi bien pour les alimgiysiologiques que pour les diététiques.
Les exigences légales en matiere d'étiquetage litesenés destinés aux carnivores sont
limitées aux nutriments essentiels et a la celalosite. Les dosages de la cellulose brute
ainsi que celui de la fiore ADF sous-estiment gesment les teneurs réelles en fibres des
aliments, et ce d'autant plus que des quantitésriaautes de fibres solubles sont ajoutées a la
ration. Ainsi dans notre étude, une ration comerfap. cent de fibres ADF dans la MS
contenait en réalité 23 p. cent de fibres totale®st-a-dire que environ un quart de la MS du
mélange était constitué d'un résidu indigestitian réalité, la différence entre ADF et fibre
totale était déja importante pour le régime A. Ues explications précédemment proposée
est que des quantités importantes de fibres soahées par les aliments vecteurs de protéines
[3]. En effet, la viande contient des complexes mot@olysaccharidiques, notamment au
niveau des tissus de soutiens (tendons, aponéyrdses matériaux fibreux peuvent échapper
a la digestion enzymatique et étre dosés lors desuras de la fibre totalg5]. Cette

hypothése peut expliquer la quantité importantélde totale présente dans le régime de base
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utilisé dans cette étude. D'autre part, l'additdm fibores a entrainé une dilution des
nutriments, d'ou une diminution de la densité é#tmge pour les régimes B et C.
Néanmoins, cet effet n'a pas eu d'influence sumpdametres mesurés puisque les chiens
recevaient une quantité de nourriture basée st lBesoins énergétiques journaliers et qu'ils
consommaient la totalité de leur ration.

Les quantités de matiéres fécales excrétées @rmtiginent ont augmenté suite a
I'incorporation des pulpes dans les rations. Cettpriété est exploitée pour prévenir la
constipation et est généralement associée a ltingede fibres insolubles, peu fermentées et
présentant des capacités de rétention did&u Bien que toutes les sources de fibres
entrainent des augmentations du poids fécal, edisolubles ont généralement un effet
moins prononcé. Dans notre étude, les pulpes terénee et de chicorée ont entrainé les
mémes conséquences sur les parameétres fécaux.gmeatation du poids fécal a été
précédemment décrit chez le chien suite a l'ingeddie diverses fibres purifiées comme la
cellulose[5], les pectine$34], la fibre de mai$13] ou d'ingrédients riches en fibres comme
les pulpes de betteraVi|d®, 16, 17,. La teneur moyenne en MS des feces varie entet 23
p. cent[22]. La teneur en MS des féces des animaux recegagglme de base dans cette
expérience est situé dans cette fourchette. Rdreca@hez les animaux recevant les pulpes en
supplément, les teneurs en MS étaient réduitesaiéém Cependant, il ne faut pas conclure
que ces animaux présentaient de la diarrhée. Auaire, le volume de féces était important
mais elles étaient fermes et bien moulées. Lautezre MS n'est donc pas un critére absolu de
détermination de la qualité des matieres fécale®bservation de la consistance est un
meilleur critere que la simple détermination detdaeur en MJ34]. Malheureusement,
laugmentation du volume des féces est considaré pbmme un inconvénient par de
nombreux propriétaires.

L'altération de la digestibilité des principauxtnments suite a l'ingestion de régimes
riches en fibres a été rapportée a de nombreupaseae chez les carnivorgs,10,15,16,1J.

La diminution de la digestibilité des protéines dse a une augmentation de I'excrétion
fécale. Comme aucune mesure bactérienne n'a &iéég dans cette étude, il n'est pas
possible de déterminer la nature de l'azote fépabtéines alimentaires non digérées, pertes
endogénes ou protéines microbiennes. En effderaur importante en protéines dans les
feces pourrait indiquer une prolifération induitar des fibres solubles et fermentescibles
contenues dans les pulpes. Bien que significdéfs effets sur la digestibilité des matieres

grasses ont été de moindre ampleur. A la lectareed résultats, il apparait que lors de la
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formulation des aliments, il faut, soit fixer urveau de fibres inférieur qui n'altérera pas la
digestibilité des nutriments, soit augmenter lescentrations en protéines et en minéraux de
facon a contrecarrer ces effets négatifs. La deznsuggestion est rencontrée dans la
formulation de régimes hypocaloriques a haute teertibres insolubleg24].

Bien que les fibres soient principalement inco@éaegrdans les aliments pour chiens en
raison de leurs effets sur les matieres fécalés €anté du colon, elles peuvent aussi induire
des effets systémiques. Le chien présente uné&rglgcextrémement stable, généralement
comprise dans une fourchette de 0.8 a 1.21@). La teneur en glucides digestibles de la
ration peut varier de 0 a 62 p. cent sans influededacon significative la glycémie a jeun et
I'évolution postprandiale du glucose et de l'inmiJd41]. Néanmoins, les pulpes de betterave
ont induit une diminution de la glycémie a jeunsdendances vers une diminution étant
observées avec les pulpes de chicorée. Ces tésatiat en contradiction avec d'autres
expériences rapportées chez le chien. Aucun efieété rapporté avec des rations enrichies
en cellulose, pectines ou gomme de guar a desdtamoorporation de 3.5 p. cent dans la MS
[10,24, des rations enrichies en gomme de guar utiliséesan de 7 p. cent dans la NI
ou d'un mélange de gomme de guar et de fibres @deapone dose de 15 p. cent de la MS
[21]. 1l semblerait donc que l'utilisation de grandesntités de fibres puissent induire une
diminution de la glycémie a jeun, tout en la maia@ dans les limites normales.
Paradoxalement, I'étude des profils postprandigapas révelé pas de différence significative
bien que l'ingestion de pulpes de betterave terwaitduire une glycémie et un pic plus
faibles.

L'ingestion du régime enrichi en pulpes a égaldénerirainé une diminution de
I'insulinémie postprandiale, ainsi que précédemmapporté avec d'autres types de fibres
alimentaired36]. Les effets des pulpes de betterave sont comparah certains points a ce
qui a été rapporté chez 'nomif®4,37. La fibre de betterave peut améliorer la toléeaac
glucose mais elle n'influence pas la sécrétiorsdline[7]. Les doses de fibres utilisées dans
ces expériences chez I'hnomme étaient inférieures@ucentrations que nous avons testées.

L'absence d'effets de l'ingestion des pulpesa@ohcentration plasmatique en azote
alpha-aminé peut sembler en contradiction avecdesltats de la digestibilité des protéines.
En effet, le dosage de I'azote alpha-aminé eshdipdteur du statut nutritionnel protéique de
I'animal. Une diminution de la concentration entazalpha-aminé aurait pu étre interprétée

comme le signe d'une liaison protéines-fibres @émara une diminution de la digestibilité
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protéique. Les effets négatifs sur la digestibitie se traduisent donc pas sur la concentration
en azote alpha-aminé. Par contre, l'ingestionpdéges s'est accompagnée d'une diminution

des concentrations en urée plasmatique mesuré&es &f apres le repas. Une telle variation

pourrait étre due a une diminution du cataboliseeatides aminés au niveau hépat{qug

Les effets sur le métabolisme lipidique sont égalet intéressants. L'ingestion des 2
types de pulpes a entrainé une diminution des obtrat®ns plasmatiques en cholestérol
mesurées chez l'animal a jeun ainsi qu'apres lasrepA ce jour, l'utilisation de fibres
alimentaires a faibles doses n'a pas permis daeanett évidence des modifications de la
cholestérolémie chez le chigp6]. Cependant, I'incorporation de fibres de maisp(2dent),

a induit une diminution de la cholestérolémie etal&iglycéridémie a jeufil3. Il apparait
donc d'apres cette étude et selon nos propresatssgle des taux élevés de fibres (supérieurs
a 20 p. cent TDF dans la MS) soient nécessaires mpadifier le profil lipidique chez le
chien. Par contre, chez 'homii9,20,43 et le rat[27], la plupart des fibres solubles ainsi
que la fibre de betterave permettent de réduiredesentrations plasmatiques en cholestérol.
Selon Chen et a[6], le propionate, produit de fermentation des fibpesirrait entrainer des
modifications hépatiques susceptibles de modiiemitabolisme du cholestérol. Chez le
chien, les hyperlipémies ne sont pas rares; lonsed'étude épidémiologiqupd], des
hyperlipémies a jeun ont été constatées chez 148np de la population. Dans la plupart des
cas, I'hyperlipémie était secondaire a dautre®rdéss métaboliques tels que le diabétes
mellitus et I'nypothyroidie. La pulpe de betteraug, utilisée a concentration élevée, induit
des effets systémiques sur le métabolisme desdgsicet des lipides pourrait donc étre
efficacement utilisée pour le traitement diététigieeces troubles métaboliques. Une telle
utilisation a d'autant plus d'intérét que le diabest frequemment associé a des troubles du
métabolisme lipidiqu4Q].

En conclusion, il est apparu lors de cet essailegierincipaux effets de l'ingestion de
grandes quantités de pulpes étaient des modifitaties caractéristiques des matiéres fécales
et de la digestibilité des nutriments associésr@ios effets systémiques exploitables pour le
traitement des maladies chroniques. La comparalssm2 types de pulpes montre que leurs
effets sur les feces et les digestibilités sontmanables mais que les effets systémiques sont

moins prononceés lors de l'utilisation des pulpestdeorées.
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ETUDES 6 et 7

Influence of dietary fibers in healthy and obese Bagles :

|. Effects on feces and digestibility of the nutents

Marianne Diez, DVM; Jean-Luc Hornick, DVM; Chrigtidan Eenaeme, PhD; Paule
Baldwin; Louis Istasse, DVM, PhD
Submitted (1997)

Objective—To evaluate the influence of 4 dietary fiber sesr@added in the diet on feces
characteristics and nutrient digestibility in 5 biea (Experiment 1) and 5 obsese (Experiment

2) Beagles.

Animals—5 healthy adult male Beagles, 1.8 to 3 years uwldighing 11.7 to 14.5 kg
(Experiment 1) and 5 obese adult male Beaglest@2®years old, weighing 18.0 to 24 kg
(Experiment 2).

Procedures— Diets containing 9-11 % total dietary fiber ory dnatter basis (guar gum,

cellulose, sugar beet fiber and a blend of guar gaohcellulose, respectively called diets B,
C, D and E) were compared with a control diet withadditional fiber (diet A) in 5 healthy

(Experiment 1) and 5 obese (Experiment 2) Beagld® fiber-enriched diets were evaluated
for their ability to modify feces characteristiasdsapparent digestibility of dry matter, organic
matter, protein, ether extract, ash, and totabluide and soluble dietary fibers. Each diet
was fed for 4 weeks in a 5X5 Latin square desiDaring the last week of the 4-week period,
dogs were kept in metabolism cages for total cotlacof feces. Each period of the Latin

square was followed by an 1-week washout period.
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Results—Experiment 1. Compared to diet A, incorporatihg 4 fiber sources in the diet was
associated with greater excretion of wet fecesdfatls;P<0.05 orP<0.001), higher dry matter
content of feces (diet ?<0.01), lower dry matter content (diets B and #%0.001) and
increased daily excretion of dry matter (diets Cari2l E;P<0.001). Dry matter and organic
matter digestibility coefficients were decreasedhwdiets C, D and EP<0.01). Protein
digestibility was decreased with diets B<Q.01) and D R<0.001) and ether extract
digestibility was decreased by diets B andPE(Q.05). Ash digestibility was decreased only
with diet D (P<0.05). Total dietary fiber digestibility was tlinghest for diet B and was
decreased with diets C, D and IE<Q.05, 0.01 or 0.001). Soluble dietary fiber digmkty
was the lowest for diet 0P&0.001) and insoluble dietary fiber digestibilitgsvincreased for
diet B (P<0.01).

Experiment 2. Inclusion of the 4 fibers was asstec with greater wet feces excretion
(P<0.05, 0.01 or 0.001), lower dry matter contentfexfes (diets B, D and E?<0.01 or
P<0.001) and increased excretion of daily feces rdatter (all dietsP<0.05 orP<0.001).
Dry matter and organic matter digestibility coatfitts were decreased with all diegfs(.01).
Protein digestibility was decreased with diets Bamdl E; P<0.01 orP<0.001); ether extract
digestibility was lower with diets B and BP<€0.01 andP<0.001)). Ash digestibility was
decreased only with diet ?€0.05). Total dietary fiber digestibility was theghest for diet

B and was significantly decreased with diets C,rd & (<0.01 andP<0.001). Soluble
dietary fiber digestibility was the lowest for dieD and C and insoluble dietary fiber

digestibility coefficients were not significantlyfiirent (P<0.01).

Conclusion—Chronic consumption of dietary fibers was assedatith changes of feces

characteristics and nutrient digestibility coeicts.

Clinical Relevance—The different extents of changes in dry matterteonof feces and in
daily wet feces excretion when guar gum, cellulmssugar beet fiber are included in the diet

could be tested for adequate treatment of congiipat
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Although dietary fibers are not considered asrdgdenutrients, they are beneficial to
health and are incorporated at low rates of 1% dry matter in most dog food$:®> They are
also used at higher concentrations up to 25 % diganas an aid in the treatment of chronic
diseases such as obeSitjiabetes mellitw’s or gastro-intestinal diseases.

Cellulose is used as the typical insoluble fibeurse. Sugar beet fiber, is sometimes
incorporated in dog diets and is characterized cappiementary viscous and nonviscous
structural carbohydratés. Guar gum is a gel-forming galactomannane obtaiinedh the
cluster beanCyanopsis tetragonolobawith potent short and long term effects on blood
glucose and lipids in human subjett# blend of cellulose and guar gum could imitdte t
ratio of soluble-to-insoluble fiber of the beetdib

The purpose of the two studies reported here wasgess the effects of these dietary fibers

on fecal characteristics and nutrient digestibilityhealthy and obese Beagles.

Materials and Methods

Dogs—Experiment 1. Five adult castrated male Beadlesto 3 years old, weighing
11.7 to 14.5 kg were used. All were healthy onlibsis of results of physical examination,
CBC? serum biochemical analysis (gluctsesulirf, ured, creatining cholesterd] and
triglycerided concentrations and alkaline phosphdtasel alanine transaminaBestivities).
Experiment 2. Five adult obese castrated male IBeag.8 to 3 years old, weighing 18.0 to
24 kg were used for the second study. When the dage aged of one year, their weight
ranged between 13.0 and 14.2 kg, which was optesatletermined by a 9-points-body
condition score (BCS)? At that time, they were offered a higly palatabigh-fat balanced
and complete home-made food. All dogs gained weigh were considered as obese from at
least 1 year, with a BCS over than 6 (Table 1).althestatus was assessed by physical
examination, CB€& serum biochemical analysis, complete urine aislyadiography of the
thorax, TSH stimulation and dexamethasone suppredsists’ All dogs received routine
vaccinatiofl and were dewormédwo months before entry in the study. Dogs weeighed
weekly and were housed in outdoor kennels or, dudigestibility trials, in a room with
natural lighting, in individual metabolism cageRoom temperature was maintained at 18 + 2
C. Water was offered ad libitum. All dogs belodge the Animal Nutrition Unit and the
protocols of the 2 studies were approved by thevarsity committee for care and use of
laboratory animals, and all experiments were caroigt according to the Belgian regulations

for animal research and experimentation.
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Table 1—Individual body weight changes in five obese Besagted in Experiment 2 during

overnutrition period

Dog Age Optimum  Obese Weight changes
weight weight
year kg kg kg %
1 3 13.6 24.0 +104 +76.5
2 3 13.7 20.6 +6.9 +50.4
4 2.9 14.0 18.0 +4 + 28.6
7 2.9 14.2 19.9 +5.7 +40.1
10 2.8 13.0 22.6 +9.6 +73.8

Diet composition—The same diets were offered to the dogs in théu@ies. The
basal diet was made of minced beef meat, gelatinisen starch maize oil, and a
vitamin/mineral mixtur® (Table 2). Control diet (diet A) contained no #idaal fiber
source. Preliminary study of 6 dogs receiving ntbe:n 5 % dry matter guar gum in the diet
was associated with runny feces. To avoid sucbnwnenience, the incorporation rate of guar
gunT was limited to 4.3 % dry matter in diet B and tbhéat dietary fiber concentration was
9.1 % on dry matter basis. Cellulbsed beet fibémwere added respectively in diet C and D
to reach a concentration of 11 % total dietaryrfitbe dry matter basis. In diet E, a blend of
guar gum and cellulose was used in a 0.48-to-Od&l fin order to obtain a similar
soluble/insoluble ratio as in diet D, and thereflmreompare the effects of the blend with diet
containing beet fiber. All ingredients were mixgidh 600 or 400 ml of water, respectively in

Experiments 1 and 2 and were given to dogs 5 mérfter preparation.
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Experimental design—The design used was a 5X5 Latin sqbarén both
Experiments 1 and 2. Each experimental diet wddde4 weeks. Each period of the Latin
square was followed by an 1-week washout periothdwhich dogs were fed diet A to avoid

residual metabolic effect of the fiber. The dwatof each study was 25 weeks.

Feeding protocol—The amount fed was based on daily maintenancericalo
requirements determined by body weight (132 kc&i/®¥ in non-obese Beagles in
Experiment 1. In Experiment 2, obese Beagles iedeat an energy level of 40 kcal/kg
bodyweight/day. They were offered this lower lewélenergy and they maintained their
overweight for more than one year. The dry matitakes, similar in Experiments 1 and 2,
were on average 250 g per day and per dog. Watsroffered ad libitum. Dogs were fed

once a day at 9 AM, and they voluntarily consuntemdrtmeal within 5 minutes.

Digestibility trials —Digestibility measurements were carried out ovetays during
the last week of each period. Dogs were housedetabolism cages. During the collection
phase, total fecal output was collected twice day stored at 4 C. At the end of the week,
feces were dried to reach a constant weight in @ 60en. After complete drying, feces were
ground through a 2 millimeters screen in a milee#és and feces were analyzed according to
official procedures® Total dietary fiber was determined in food and eusing a kit This
procedure was based on the method published byckggm of Official Analytical
Chemists* Insoluble fiber was also measured and solubler fdwntent was calculated by

subtracting insoluble from total dietary fiber.

Statistical evaluations—ANOVA was performed on the fecal and digestibiligita
according to a 5X5 Latin square desifyuising a software packdged a desktop computét.
Mean (x SD) values were calculated for all dateANOVA revealed differences in a single
digestibility result attributable to diet consumedmparisons between differences of mean
results of diet groups were performed using a Stuteest; aP value< 0.05 was considered
significant. Data of Experiments 1 and 2 were te@aseparately, according the same
procedure. Since the trials were conducted as Isafiiare designs, comparisons between the

two trials and therefore the two types of dogs,enest statistically valid.

Results
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The protein and ether extract concentrations infier-supplemented diets were slightly
reduced, compared with diet A (Table 2). Calciunmaentration was slightly increased in
diet D, containing beet fiber. Total dietary fiomncentration was increased by more than
100 % in diets C, D and E. Diet B contained thgdat level of soluble fiber while diet C
contained the lowest. Total dietary fiber and thigo soluble-to-insoluble fiber were similar
for diets D and E.

Acceptance of diets was good throughout the twdistu However, if occasionally one dog
refused part of its diet, it was systematicallyhditawn within 10 minutes, and the weight of

leftover recorded. The refused feed was alwaystlean 15 %.

Diet-induced variations in feces—Experiment 1. In healthy dogs, quantity of wetee
excreted (g/day) was significantly increased witetsi B, C P<0.01), D P<0.001) and E
(P<0.05) (Table 3). The dry matter content of fea@s not modified with diet E but was
decreased with diets B and B<0.001). By contrast, diet C increased the drytenatontent
of feces, compared with diet A (P<0.01). The dakcretion of fecal dry matter was the
lowest for diet A; all fiber sources increased éxeretion; differences being significant for
diets C P<0.001), D and ER<0.01).

Experiment 2. In obese dogs, daily excretion of feees was significantly increased with the
4 fiber-supplemented diets, compared with diePA (.05 for diet CP<0.01 for diet E, and
P< 0.001 for diets B and D) (Table 3). The dry mattontent of feces was not significantly
modified with diet C but was decreased with diefsDB(P<0.001) and ER<0.01). Daily
fecal dry matter was increased with diet#3:Q.05) and with diets C, D and B<0.001).

Diet-induced variations in digestibility of nutrients—Experiment 1. Apparent dry matter
and organic matter digestibility coefficients werkéected by the inclusion of cellulose, beet
fiber and the blend of fibers in the dieB<(0.001 for diets C, D and E). By contrast, appare
protein digestibility was only decreased by die(F30.01) and diet DR<0.001). Apparent
digestibility of ether extract was the largest dioets A and C, and was slightly decreased for
diets B and E (P<0.05). Apparent ash digestibiitys characterized by large individual
variations and was only decreased by diet D (PJ0.0Rpparent total dietary fiber
digestibility was the greatest for diet B (P<0.@hd was diminished with diets C, D and E
(P<0.001; P<0.01 and P<0.05, respectively). Appadegestibility of soluble dietary fiber

was high for all diets; it was only decreased watiidition of sugar beet fiber in diet D
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(P<0.001). Individual variations in the appareigiegtibility of insoluble dietary fibers were

large and it was only with diet B that an increase observed (P<0.01).

Table 3—Characteristics of feces from 5 healthy (Experinigrand 5 obese (Experiment 2)

Beagles fed diets containing different dietary rfiibe

Expt 1 Expt 2
Feces characteristics
Wet weight (g/d)
Diet A 68 + 27 43 + 17
Diet B 116 + 34 106 + 40°
Diet C 114 + 48 81 + 26
Diet D 164 + 38 122 + 43
Diet E 111 +1% 93 + 3%
Dry matter (%)
Diet A 27.7+7.4 38.6 + 3.8
Diet B 18.4+5.8 22.7+5.6
Diet C 35.3+85 425+7.6
Diet D 18.6 +2.4 25.3+5.8
Diet E 255+6.2 30.8 +5.9
Dry matter (g/d)
Diet A 17.2+2.58 16.6 +4.3
Diet B 20.1+4.7 228+6.7
Diet C 37.3+6.0 33.6 +7.7
Diet D 30.1+5.8 29.3+ 4.4
Diet E 27.6+4.2 27.0 +5.58

Values with different superscripts differ within@nolumnP<0.05). Values are

expressed as mean + SD.

Table 4— Apparent digestibility coefficients from 5 heal(xperiment 1) and 5 obese

Beagles offered diets containing different fibenrses

Expt 1 Expt 2

Digestibility (%)
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Dry matter

Diet A
Diet B
Diet C
Diet D
Diet E

Organic matter

Diet A
Diet B
Diet C
Diet D
Diet E
Protein
Diet A
Diet B
Diet C
Diet D
Diet E

Ether Extract

Diet A
Diet B
Diet C
Diet D
Diet E

93.5+1.0
92.7+1.58
86.8 +1.4
88.0 + 1.¥
89.5+ 1.7

955+ 1.0
94.4+1.1
88.5+1.4
90.0+1.0
91.2+1.3

94.4+2.8
91.4+4.8
94.4+22
88.9+5.1
92.6 + 4.8

96.6 + 1.8
93.1 + 3.4
96.0 + 0.8
93.6 + 2.1
92.6 +2.5

935+1.58
91.2+2.6
87.2+1.8
89.3+0.8
89.1+0.7

955+1.1
93.1+1.9
89.1+1.7
91.3+0.7
90.9 + 1.1

93.2+2.1
87.2 +3.8
92.1+1.8
89.5+2.4
89.1 + 1.6°

96.7+1.4
91.0 +3.3
95.2+1.3
96.3+0.8
92.8+2.%
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Table 4. (p2/2)

Expt 1 Expt 2
Digestibility (%)
Ash
Diet A 40.7 £12.2 47.7+12.4
Diet B 46.6 +13.2 48.1+9.3
Diet C 38.3+5% 41.0+ 7.2
Diet D 27.7+3.4 39.4+53
Diet E 41.5+129 43.9+6.3
Total dietary fiber
Diet A 64.6 +4.8 69.4 +10.8
Diet B 78.0+7.8 77.0+6.7
Diet C 247+75% 29.1+134
Diet D 55.1+2.58 56.0 + 4.3
Diet E 53.0+94 52.3 + 3.8
Soluble dietary fiber
Diet A 97.0+4.2 96.7 + 2.5
Diet B 97.8+2.0 955+ 1.8
Diet C 93.8+52 89.3 +9.%°
Diet D 85.8 + 6.7 87.0+4.2
Diet E 92.1+29 90.6 + 5.8
Insoluble dietary fiber
Diet A 19.5 + 11.8 21.5+15.8
Diet B 44.4 +20.8 38.0 + 23.8
Diet C 54+48 6.7+8.2
Diet D 31.3 £ 7.8° 29.6 +10.8
Diet E 29.0 + 1& 21.0+9.5

Values with different superscripts differ withinenolumnP<0.05). Values

are expressed as mean * SD.
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Experiment 2. Apparent dry matter and organic emattigestibility coefficients were
similarly decreased by the inclusion of fibers asnpared with diet A (P<0.001 for diets
C,D,E and P<0.01 for diet B). Apparent proteinedigpility was decreased with diets B, E
(P<0.001) and D (P<0.01). Apparent ether extragesdibility was decreased with diets B
(P<0.001) and E (P<0.01) but ash digestibility vdesreased only with diet D (P<0.05).
Apparent digestibility of total dietary fiber, claaterized by large individual changes, was
high at 69.4 % with diet A and was non significgnticreased with diet B. By contrast, diets
C, D and E induced lower total dietary fiber digaiity coefficients, compared with diet A
(P<0.001 or P<0.01). Apparent digestibility of dak dietary fiber was decreased with diets
C and D (P<0.01) while digestibility of insolublér was characterized by large changes and

no significant differences, compared with diet A.

Discussion
The total dietary fiber concentration of 5.1 % dngatter in the control diet was due to the
animal protein component. Meat contains proteilygaxrcharides of the connective tissues;
these fibrous materials escape from digestion byetizymes of the digestive tracbut are
measured by the assays used to analyse totalydigtar. Adding dietary fiber had a dilution
effect on energy density but such an effect wasooimportance since all dogs received their
amount of feed based on individual energy requirdme
The amount of wet feces excreted daily increased thie addition of fiber to the diet. Such
an effect is called "bulking effect" of fiber, agperty used for treatment of constipation. In
man, the fecal bulking effects appear to be maengty associated with fiber sources which
are insoluble, poorly fermentable and with gooderdinding capacity® In the two studies
reported here, sugar beet fiber induced the lameasttion of feces and was followed by guar
gum which has the highest soluble fiber contenellubse and the blend induced similar
effects as guar gum on wet feces weight. In dbgsn be concluded that the bulking effect
is a property of both the highly soluble or insdéubiber contents as reported by others with
various purified fibers such as celluld$egectins,’® maize fibet® or foodstuffs high in fiber
such as beet pulp or citrus pulp?®
The normal range of fecal dry matter content insdisgbetween 28 and 42 % Fermentable
fibers decrease the dry matter content of fetesnd a similar finding is reported here with
guar gum and beet fiber. By contrast, adding tmdki increased the dry matter content of

feces, in a significant manner in Experiment 1. isThas been precedently reported by
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others'”*® More interesting is the comparison of the tolal matter excretion. Except for

guar gum in Experiment 1, all fiber sources incegathe amount of dry matter excreted
compared to the control diet. This effect is htitable partly to the slight increase of ingested
dry matter as dietary fiber and also to a reductromutrient digestibility, mainly the fiber
fraction. There are also other mechanisms invostash as greater amounts of microbial cells
and of short chain fatty acids produ¢&dn the hindgut. Furthermore, it should be noteat t
the 150 % increase in wet feces excretion with bket is considered more as a disadvantage
by most dogs owners.

Comparison between diets D and E shows that bleet &nd the blend did not induce the
same effects on daily wet feces weight and dryenatbntent, beet fiber being characterized
by a higher water-holding capacity than the blertebr the characterisics of the feces, the
specific effects of the fibers were similar bothitwihe healthy and obese dogs.

The high apparent digestibility coefficients obtdnn the 2 studies were associated with the
high quality of the ingredients : fresh beef meatl &orn starch. Guar gum decreased
apparent protein digestibility in the 2 studieshisTeffect was due to a high protein content of
feces which could have come from increased mictopiatein. Although no microbial
measurements were made in the present studiediighefecal content would indicate a
microbial proliferation with fermentable fiber§® This could also explain the decreased
protein digestibility induced by sugar beet fiberDiet B containing guar gum was
characterized by the highest apparent digestibditytotal dietary fiber. Such effects are
explained by the high content of soluble fiberhie guar gum supplemented diet and the high
digestibility coefficient of the soluble fiber (Tiz4).

The inclusion of cellulose reduced the apparentnariter digestibility by 6.7 and 6.3 % units,
respectively in Experiments 1 and 2. Similar éffewere also induced by cellulose on
apparent organic matter digestibility. By contrgsbtein, ether extract and ash digestibility
coefficients were not modified both in Experimehtand 2, when cellulose was added in the
diets. Thus, the decrease in dry matter and ozgaaiter digestibility coefficients observed
with inclusion of cellulose can be explained by e digestibility coefficient of this fiber,
present in large quantities in the feces but withoajor effects on digestibility of the main
nutrients.

Sugar beet fiber and the blend induced similarcedf®n dry matter, organic matter, total
dietary fiber and insoluble fiber digestibility dbeients, both in Experiment 1 and 2. By

contrast, in Experiment 1, blend did not modifytpmo digestibility as opposed to sugar beet



Deuxiéme partie Présentation des recherches 245

fiber. Ether extract apparent digestibility coeifnts were reduced in Experiment 2 with the
blend, and not with beet fiber. Apparent ash dibey was the lowest with beet fiber in the
2 studies. Soluble dietary fiber digestibility wlasver with beet fiber in Experiment 1 than
with the blend. On the whole, however, it could dmcluded that, except for ash, the
apparent digestibility coefficients are quite cloaden beet fiber and the blend are
supplemented in similar amounts. The determinatibtotal dietary fiber allows a better
understanding of the mode of action of dietaryrfiinethe digestive tract of the dog. The two
experiments reported here indicated that totakdyefiber was relatively well digested in the
control diet when total dietary fiber concentraiamere close to 5 %; the apparent digestiblity
coefficients of 64.6 and 69.4 % obtained in the tstadies being comparable to data
previously reported. In the two experiments, it was when guar gum wadded that total
dietary fiber digestibility was the highest. It svdue to the soluble fraction which, in guar
gum, was the largest fraction in total dietary fibde soluble fraction being also the more
digestible. Although not significant in both exipeents, the supplementation with guar gum
induced also the largest digestibility for the ildde fraction. This could be rather surprising,
but the more insoluble fibers are present, the ftoave their digestibility coefficients. The
very low total dietary fiber digestibility coeffients observed when cellulose was added are
similar to figures previously reported by othéfs'® when fibers were measured as neutral
detergent fiber or as crude fiber. It should dsonoted that the soluble fiber fraction was
characterized by high digestibility coefficientstire two experiments, the coefficients being
not different from the control values, except whaet fiber and cellulose were used in
Experiment 2.
Although it was not statistically possible to comgdhe two studies, the effects of fiber
supplemention appeared similar in healthy and oliEsgs. There are thus actually no
convincing evidences to indicate that nutrient sidp#ity is reduced in obese dogs. One can
therefore use digestibility data obtained in healllbgs offered fiber supplemented diets to
assess the effects on obese subjects.
a Cell-Dyn 3500, Abbott, Abbott Park, IL 60064, USA
b Technicon RA 1000, Technicon Autoanalyzer, Teabmilmstruments, Tarrytown,
NJ.
Insulin RIA-100, manufacturer's literature, MedgeRiagnostics, Biosource

Europe, Fleurus, Belgium.
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d Vanguar® da2pi-CPV-Lepto, Smithkline Beecham A.H., Louvai-Neuve,
Belgium.

Drontal®, BAYER s.a.-n.v., Bruxelles, Belgium.

Merigel A, Amylum N.V., Aalst, Belgium.

g Minerals and Vitamins for dogs, Premix, ALFRA, HoriHozémont, Belgium.

Viscogum HV 3000A, Mérot Rousselot Satia, France.

i Arbocell BE 600/30, Rettenmeier and S6hne, Germany

J Betafibre, British Sugar, United Kingdom.

k TDF-100, Sigma Chemical CO, St Louis, Mo.

Excel 5.0°, Microsoft Corporation, IL.

m IBM, model 6322-002, IBM United Kingdom Ltd, Gremak, Scotland, United
Kingdom.
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Influence of dietary fibers in healthy and obese Bagles :

ll. Effects on plasma metabolites and insulin concdrations

Marianne Diez, DVM; Jean-Luc Hornick, DVM; Chrigtidan Eenaeme, PhD; Paule
Baldwin; Louis Istasse, DVM, PhD

Submitted (1997)

Objective—To evaluate the influence of 4 dietary fiber sesradded in the diet on plasma
metabolites and insulin concentrations in 5 heafxperiment 1) and 5 obese (Experiment

2) Beagles.

Animals—5 healthy adult male Beagles, 1.8 to 3 years wldighing 11.7 to 14.5 kg
(Experiment 1) and 5 obese adult male Beaglesi@2®Byears old, weighing 18.0 to 24 kg
(Experiment 2).

Procedures—Diets containing 9-11 % total dietary fiber on dnatter basis (guar gum,

cellulose, sugar beet fiber and a blend of guar gadh cellulose, respectively called diets B,
C, D and E) were compared with a control diet withadditional fiber (diet A) in 5 healthy

(Experiment 1) and 5 obese (Experiment 2) Beaglds fiber-enriched diets were evaluated
for their ability to modify plasma glucose, insylm-aminonitrogen, urea, triglycerides and
cholesterol concentrations. Each diet was feddfareeks in a 5X5 Latin square design. At
the end of the 4 weeks period, plasma samples eodliected before feeding and after feeding
during 360 minutes. Each period of the Latin squaas followed by an 1-week washout

period.

Results—Experiment 1. Diets containing cellulose and bdxer induced no effects on pre-

or postprandial plasma concentrations. Diet cairigiguar gum was associated with lower
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pre- and postprandial plasma cholesterol concémisat<0.001) and a trend to lower
plasma glucose concentration within 180 minutesrdieding P<0.10). Inclusion of the
blend in the diet induced lower pre- and postpraincholesterol concentrationB<0.05 and
P<0.01) and diminished plasma glucose concentrationng 180 minutes after feeding
(P<0.05).

Experiment 2. Adding cellulose in the diet inducedmetabolic effects. Incorporating fiber
sources in the diet was associated with highemppastial plasma glucose concentration (diet
D; P<0.001), lower postprandial insulin concentratiqdeet B, P<0.01, diet E,P<0.001),
lower pre- and postprandial cholesterol concemnati(diet B,P<0.05 andP<0.001; diet E,
P<0.05 andP<0.001).

Conclusion—Chronic consumption of guar gum or a blend ofuteie and guar gum was
associated with reductions in pre- and postprangl@tma cholesterol concentrations in 5
healthy dogs and reductions in pre- and postpranda@esterol concentrations and reductions

in insulin and urea concentrations measured paudahy in 5 obese dogs.

Clinical Relevance—Guar gum or a mixture of guar gum and celluloseughbe tested as an

aid for dietary therapy of chronic diseases sudhyaerlipidemia or diabetes mellitus in dogs.

The interest of adding dietary fibers in commaetcidor specific-purposedog food is
well demonstrated in dog. Although their benefi@tects on the digestive tract are more
and more exploited their applications in the treatment of disordertipid and glycosidi&’
metabolisms are less frequent than in human pafleRurthermore, there is no agreement to
use either soluble or insoluble dietary fibers.

The aim of the 2 experiments reported here wassess the effects of 4 dietary fibers on the
major plasma metabolites in the normal healthy alog) in the obese dog. The 4 fibers were
guar gum, cellulose, sugar beet fiber and a blémguiar gum and cellulose in a ratio to obtain
the soluble-to-insoluble fiber concentrations foundsugar beet fiber. These fibers were
tested because they are largely used by feed n@uardes although their metabolic effects are
not well documented. Obese dogs were used sinse&itown that metabolic disorders such

as glucose intoleranter hyperlipidemi&” could be observed in these animals.
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Materials and Methods

Dogs—Five adult healthy castrated male Beagles, 1B8years old, weighing 11.7 to
14.5 kg were used in Experiment 1. Five adult ebmsstrated male Beagles, 2.8 to 3 years
old, weighing 18.0 to 24 kg were used for Experitrién The optimum weight of the obese
Beagles, determined by a 9 points body conditimrest; ranged between 13.0 and 14.2 kg.
At the beginning of Experiment 2, all dogs were sidared as obese after volontary
consumption of a highly palatable home-made dogl fand the subsequent weight gain.
Individual characteristics of the dogs were preoélgieeported (Diez et al, part'f) The dogs
used in the 2 studies reported here were healthythenbasis of results of physical
examination, CB&and serum biochemical analysfs.
In the obese dogs group, complete urine analysikpgraphy of the thorax, TSH stimulation
and dexamethasone suppression t&sisre also performed. All dogs entered the 2 studi
two months after receiving routine vaccinati@and being deworméd Dogs were weighed
weekly and were housed in outdoor kennels or iacarwith natural lighting, in individual
metabolism cages during digestibility trials andgoha collection. Room temperature was

maintained at 18 + 2C and water was offered atulibi

Diet composition—Similar diets were offered to the dogs in the Zerkments.
Briefly summarized, a basal diet made of mincedf Imeeat, corn starch, maize oil and a
vitamin/mineral mixtur® was used as a control diet (diet A). Guar §uoellulosé beet
fiber? and a blend of guar gum and cellulose in proporiiowing a soluble-to-insoluble
fiber ratio similar to that of beet fiber were adde the basal diet to reach a concentration of
11 % total dietary fiber on a dry matter basisigligere respectively called diets B, C, D and
E. All ingredients were mixed with 600 or 400 nilveater, respectively in experiment 1 and

2 and were given to dogs 5 minutes after preparatio
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Experimental design—Each experiment was designed as a 5X5 Latin stfuaith

periods of 4 weeks and an 1-week washout period.

Feeding protoco—The amount fed was calculated on daily maintena@geirements
of 132 kcal/k§ " in non-obese Beagf®sand on 40 kcal/ Ky° for the obese dod$. Dogs

were fed once a day at 9 AM, and they voluntamgsumed their meal within 5 minutes.

Plasma samples-Preprandial and postprandial profiles were deteechiat the end of
each 4-week period of the Latin square. An indweglisterile catheter was inserted in a
cephalic vein. Catheters were filled with a hepiaad (120 U/ml) saline solution to prevent
blood clotting between sampling periods. Dogs wesedled gently and did not appear
excited during sampling. Blood was taken beforedieg; then the dogs were fed their
assigned diets, as a single meal. Serial post@iabidod samples (5 ml) were taken at 20,
40, 60, 90, 120, 180, 240, 300 and 360 minutes fdezling. Plasma samples obtained from
blood were stored at -18 C. All samples were a®aiyon the same day for plasma gluépse

insulin, ured, a-amino-nitrogef, triglycerided and cholester8l

Statistical evaluations—Data were analyzed using a software package a desktop
computef. Plasma metabolites data obtained in nonfed dagys analyzed, according to a
5X5 Latin square desigh The area under the curve was calculated for taduation of
postprandial plasma metabolites and the data wealyzed according to a 5X5 Latin square
design. If ANOVA revealed differences among treaitnp comparisons between mean results
of diet groups were performed using a Studenttt tedleans (x SEM) were reported for
preprandial plasma metabolite data. For presentati Table 1, the data related to the area
under the curve for postprandial metabolites wévaleld by 360 which was the duration of

the sampling period.
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Results

Diet induced variations of plasma metabolites in saples obtained in fasted animals-
Experiments 1 and 2. All results were within refeze rangé& (Table 1). There were no
effects on preprandial glucose, insulim-aminonitrogen, urea and triglycerides
concentrations. By contrast, preprandial cholesmancentrations were significantly reduced
by diet B both in Experiments P€0.001) and 2K<0.05) and by diet E both in Experiments
1 (P<0.01) and 2R<0.05).

Diet induced variations of plasma metabolites in saples obtained up to 6 hours after

the meal—All results were within reference rang®&s.

Experiment 1. There were no effects on postprandsulin, a-aminonitrogen, urea and
triglycerides concentrations (Table 1). Feedingt @ to dogs led to a significar?<0.05)
decrease in glucose concentration but only durhng first 180 minutes after the meal.
Feeding diet B tendedP€0.10) to decrease glucose concentration duringstmae time
interval. Feeding diets B and E to dogs led tmificant decreasedP€0.001 andP<0.01,
respectively) in cholesterol concentration measudeding 360 min after the meal, as

compared with diet A (Fig 1).

Experiment 2. There were no effects on postprandiaminonitrogen concentrations.
Feeding diet D induced an increaB&(.001) in postprandial glucose concentrationgsih
insulin and urea concentrations were decreasedidig 8 <0.01) and E F<0.001 and
P<0.01). Feeding diet E was associated with a tréd).10) to decrease plasma
triglycerides concentrations. Postprandial plasialesterol concentration was reduced by
diets B and ER<0.001) (Fig 2).
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Table 1—Plasma biochemical variables measured before ater éfie meal during a 360-
min period in 5 healthy (Experiment 1) and 5 obesgs (Experiment 2) offered diets

containing different fiber sources

Experiment 1 Experiment 2

Preprandial ~ Area under Preprandial Area under
Variable value: curve: value curve:
Glucose, mg/dl
Diet A 88.1+3.6 89.3+3.8 944 +31 90.6 +4.4
Diet B 86.7+6.0 868+28" 996+57 89.5+ 5.6
Diet C 84.7 +3.0 91.5+29 97.8+3.9 93.5+4.2
Diet D 84.0+7.0 89.9+54 946 +2.1% 101.0 +5.8
Diet E 86.7+43 856+33  97.4+6.8 93.7+5.6
Insulin,mU/L
Diet A 54+238 35.6 +8.6 15.2+5.1 73.3+8.2
Diet B 11.3+23 28.1+5.6 12.2 +3.4 458 +15.8
Diet C 11.8+55% 41.1+8.38 155+25 62.3+6.3
Diet D 10.0+3.5 33.4+6.9 146 +1.7 70.6 +10.7
Diet E 13.1+88  322zx1.7 14324 40.7 + 6.3
a-aminonitrogen, mg/dl
Diet A 6.0+0.2 8.8+0.7 59+0.2 9.0+0.f
Diet B 59+0.3 8.3+1.0 5.6+0.2 8.8+0.3
Diet C 5.8+0.2 9.0+0.2 6.1+0.2 8.9+0.5
Diet D 5.6+0.2 8.8+0.5 58+0.3 9.1+0.6
Diet E 5.9+0.3 8.7+0.6 58+0.3 84+05
Urea, mg/d|
Diet A 12.3+0.8 21.1+23 12.2+0.8 22.4+1.7
Diet B 12.1+0.8 21.5+2.2 115+1.% 19.0+1.2
Diet C 12710  236zx21 10.6 £ 1.2 209+ 1.8
Diet D 12.7+0.8 21.8+0.5 13.4+272 20.8 + 1.7
Diet E 128+10 229=+13 13.2+24 19.2 + 0.8




Deuxiéme partie Présentation des recherches 255
Table 1.(p2/2)
Experiment 1 Experiment 2
Preprandial Area under Preprandial Area under
Variable value: curve: value: curve:
Triglycerides, mg/dl
Diet A 50.0+5.9 59.9+2.72 63.6 +9.3 76.5+9.8
Diet B 39.2+58 51.6+7.1 54.2 +4.6 67.7+7.2
Diet C 51.4+6.3 61.9+7.7 58.8+3.5 76.3+8.0
Diet D 49.4+9.8 60.3+10.8 58.6 +5.7 78.3+4.9
Diet E 51.2+1.% 60.4+3.8 50.4 +5.8 63.8 + 10.0
Cholesterol, mg/dl
Diet A 173.6 +16.3 1709+ 14.34 198.8 +14.5 1905+ 11.%
Diet B 130.4+13% 132.7+1486 1546+8.8 147.9+6.8
Diet C 171.0+223 172.6 2413 207.0+8.1 187.5+8.2
Diet D 157.4+14% 162.1+14%F 1850+15%F 202.1+108
Diet E 138.0+8% 1458+11.% 1646+118 161.2+125

Values with different superscripts diffé?<0.05) within one column. Values are

expressed as mean = SEM. T Significant differet€x0.10. I Differences were

significant on a 180-min period.
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Figure 1—Postprandial plasma cholesterol concentration (mea®EM) in 5 healthy dogs

offered diets containing different fiber sources
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Discussion

All results were within normal ranges in both hegltand obese dod§. Although no

statistical comparisons were made between the dlestfj it appeared that plasma glucose,
insulin and lipids concentrations were slightly ieg in obese dogs. Diabetes-obesity
interactions are well documented in the dog. BWengh hyperglycemia may not exist, either
glucose intolerance or hyperinsulinemia, or both present in 61 % of obese ddgsThe

greater the degree of obesity and the longer itatwun, the more severe are the glucose
intolerance and hyperinsulinemia. In Experimenth2, dogs used were quite young, being 2
years of age when they became obese, so hypeniasua or glucose intolerance could not be
diagnosed in any one of them. Their responsespplemental fiber in the diet were however

different, compared with healthy dogs.
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Figure 2—Postprandial plasma cholesterol concentration (m&a8EM) in 5 obese dogs

offered diets containing different fiber sources
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Fasting plasma glucose concentration is normallintamed within a narrow range in dogs
regardless of the type of diet offer€d'’ Adding dietary fiber did not affect fasting glse
and insulin concentrations in these studies nootimer published experiments in which
cellulose, pectins or guar gum were incorporateatas of 3.5 % dry matt&ror with a blend

of guar gum and pea fiber at 15 % dry maltetn contrast, some authors have shown
postprandial glucose concentrations to be modiigthclusion of soluble fibers in the dfgt

but others have found soluble fiber to have nocefte postprandial gluco$. In healthy
dogs, only guar gum and the blend containing guan glecreased postprandial plasma
glucose concentrations but only during the firge¢hhours after the meal. On the whole of
the 360-min observation period, none of the fibatkiced any significant effects on blood
glucose. In obese dogs, postprandial plasma gucosicentration increased with diet
containing beet fiber. This was not surprisingsithis supplement contains small quantities
of saccharose and obese dogs may be more sertbdéivenealthy dogs to saccharose in the

diet® By contrast, decreases in postprandial plasmaimsohcentration occurred over the
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360-min sampling period in obese dogs offered guan and the blend of guar gum and
cellulose. One of the properties of this blendilmér is to minimize postprandial variations of
insulin. Postprandial decreases in plasma insuéirevalso reported with diets enriched with a
mixture of pea fiber and guar gum and diets withigh content of crude fiber of unknown
source<® Decreased glucose and/or insulin concentrationis gir gum have been shown
in healthy human beings?* and diabetic subjecfd. The effects of guar gum on insulin
metabolism could also be exploited in obese oreatialtlogs to improve glucose tolerance.
The inclusion of guar gum and the blend of guar gurd cellulose in the diet also reduced
postprandial concentrations of plasma urea in otdlege without changing plasma
a-aminonitrogen. Plasma-aminonitrogen considered an indicator of the adeywf dietary
protein is closely related to individual plasma amacids profile$* The reduction of plasma
urea could not be associated with a lower proteiakie but could reflect either a delay in
absorption of amino-acids, or their catabolism ime tliver. Decreased postprandial
concentrations of plasma urea were previously desgrin dogs receiving guar gum in the
diet!®?°> Because the reduction of plasma urea concentratidtnguar gum appears to be
consistent, guar gum could also be suggested asdam the treatment of chronic renal
diseases.

In this study, guar gum and the blend of fibersucet lower pre- and postprandial cholesterol
plasma concentrations both in healthy and obess. dBgeviously, no postprandial reductions
in serum cholesterol and triglycerides were obskimealog after a single dose of guar gum or
wheat brart? The authors postulated that guar gum may still cechlood lipids in the dog
after long term administration. In man, the cht@ded lowering effect of guar gum is well
established in healthy and obese subf&é¥sand in hyperlipidemic patients.?° In contrast,

the effect of guar gum on plasma triglycerides edge is much debatéd3>*

In people,
hypolipidemic effects are a property of solubleefy the most efficient being guar gum. In
dogs, since guar gum induces metabolic effectsashotiydrate and lipid metabolism after
four weeks administration, this could be considere@n aid for dietetic treatments of chronic
diseases such as hyperlipidemia or diabetes neellitihis is of further interest because
fasting hyperlipidemia occurs in 14.3% of the dagpylatiorf? and diabetes mellitus is
frequently associated with disorders of lipid metam. Furthermore, the blend of guar gum
and cellulose is suggested since it does not indigrehea and since incorporation of 3.4 %
guar gum is sufficient to induce the beneficiakets. In our study, beet fiber and cellulose

had no effect on plasma metabolites. The lackfeteof cellulose on plasma metabolites in
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human beings and rats is well documented, cellubeseg used as a negative control in most
studies concerning metabolic effects of dietangfili® In contrast, beet fiber is known to
improve glucose toleranteand was effective in reducing blood cholesteroh@althy® or
hyperlipidemié® human subjects.The effectiveness of beet fiber to lower plasmadesterol
concentration in man was related to the fat intakéhe subjecté® In the present study, fat
intake was quite low due to the use of a low-fadt@and a small amount of vegetable oil.

One of the purposes of the two studies reported s a comparison between two fibers
supplements with a similar soluble-to-insolubleefilbatio either as a single component or as a
blend of two different supplements. Because thtabwic effects were not similar, it seems
more appropriate to characterize and debate om#tabolic effects of a supplement as a
whole rather than to associate the effects onléigeee of solubility of the fibers.

Finally, we can conclude that all the metaboliccef§ observed in healthy dogs were also
observed in obese dogs. Nevertheless, in obese ddgg#ional effects appeared so that
transposition of data obtained in healthy dogs lb@se animals leads to an incomplete

description of the effects of dietary fibers.

a Cell-Dyn 3500, Abbott, Abbott Park, IL 60064.

b Vanguard da2pi-CPV-Lepto, Smithkline Beecham A.H., Louvam-Neuve,
Belgium.

Drontal®, BAYER s.a.-n.v., Bruxelles, Belgium.

Minerals and Vitamins for dogs, Premix, ALFRA, HoriHozémont, Belgium.

Viscogum HV 3000A, Mérot Rousselot Satia, France.

f Arbocell BE 600/30, Rettenmeier and S6hne, Germany

g Betafibre, British Sugar, United Kingdom.

Technicon RA 1000, Technicon Autoanalyzer, Teabmilmstruments, Tarrytown,
NJ.

Insulin RIA-100, manufacturer's literature, MedgeRiagnostics, Biosource
Europe, Fleurus, Belgium.

J Excel 5.6, Microsoft corporation, IL.

k IBM, model 6322-002, IBM United Kingdom Ltd, Gressk, Scotland, United
Kingdom.
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